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SUNNAHY 
ＭＭＭＮｾｾＧＢＢＢＧＧＢＧＢＢ＠
Luncheon meat \vas used as a model system f0r the study of the effect 
of colour on the acceptability of food., 
Techniques of colour ｭ･｡ｳｵｲ･ｭ･ｮｴｾ＠ panel asscssm,-:.-nt and ｣ｯｬｯｵｴｾ＠ _photo-
ｾＱｲ｡ｰｨｹ＠ Ｌｾﾷ･ｲ･＠ established" Commerc :i.al luncheon me<J.tfJ '"ere examined and 
parameters which characterised ｴｨｅｾＮ＠ colour a.nd ."tppearance of the 
product \<lere evaluateda 
Luncheon meats, prepar<;'d in the lnboratory by different chopping 
procedures but using the same ingredit:mts ｾ＠ \'(:';ceived variable accept-
ability scores in panel tests, attributabJe t.o differences in the:ix 
homogeneity., 
'rhe effect of various acldi tives on J. unchecu meat prepared by a standard 
chopping procedure '\vas investigated .. Sodi'l..t.:·n rd.trite '''."'.S added at levE!ls 
ranging fr{,Jn 0 to 400 parts per million ant. nceeptable pink cured. 
colours developed at all ｣ｯｮ｣･ｮｴｊｾ｡ｴｩｯｮｳ＠ a.lwve D threshold input level of 
ten parts per million.. Erythros:i.n\-.:' ｰｭｶ､･ｊｾ＠ ﾷＱＮＱﾷ• ｾ •ｾＺ［＠ exa.m1 ned at levels bebreen 
0 to 100 parts per million.. In the absent::<:! of nitrite satisfactory pirll<. 
culours '"ere found in the region of 8 to 10 parts per million eryth.::· o•o 
ｾｩｮ･ Ｑ ｢ｵｴ＠ in the presence of nitrite.,levels of ;2.5 parts per million 
erythrosine 5 parts per million nitrite Ｇｾｲ･ｲ•ＧＩ＠ the min:i.r.1a acceptableo 
Other ｣ｯｬＮｯｵｲｩｮｾＱ＠ matters, Erythrosine J....'ake, Al.lul"a Red 9 Heel 2G, Red Iron 
Oxide and Carmine ＧＢ･ｮｾ＠ also evalunted in the pres<:JnCG and absence of 
soditmt nitrite., . Results showed that the colours of these samples , ... ｅＺｾｲ･＠
inferior to those produced by the use of crythrosi.ne powdE.H'o 
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CHAPTER 1 
ＧＡＧｈｉｾ＠ EFFEC'r OF' COLOUH ON ACCEPTABILITY 
1o 0 General Introduction 
The acceptability of a food is a direct consequence of the consurners 1 
judgement of food quality, ,.,.hich can be trJken as the overall effect of 
sev.eral food attributes a Obvious attributes such a.s colour, flavour 
and texture play a major role in assessing food ｱｵ｡ｬｩｴｹｾ＠ but many hidden 
factors must also be considered such as nutritional value, rnicrobiologi·-
cal state, degree of contamination 'dth heavy metals, pesticides, etc. 
Acceptability is a psychological response of the conswner, nnd personal 
preference is very important and it is dj fficul t to define on wi·.ich 
standards the housewife bases her judgement of quality because it varies 
for every person. Acceptability is tied in ''lith the constuner's idea of 
value ior money, nnd cheaper, inferior qtmlity products mny be prefer-
able to more expensive, though better quality products, to certain 
consumers. Ultimately it is the consumer's decision on accet)tabil:i.ty 
that governs the success of a food product. 
\\'hen first fa.ced with a food the consumer judges the appearance and 
colour. If this is not acceptable she may never go on to judge other 
important factors, taste, aroma, texture, as she has rejected it on 
the visual factors alone. Therefore, although many other factors go 
together to make a product of good quality they take i:-t secondary 
importance Ｇｾｨ･ｮ＠ it comes to tl.,e consumer selecting a food and In;\king a 
purchase. Supermarket shopping relies on the product looking appealing 
.. 
' 
and selling itself.. Other factors may influence the acceptability of 
the coJ.our and appearance and S\vay the customer's judgement, e.g. light-
ing conditions, shelf position and other psychological factors. 
Artificial dyes may be used in foods to make a product lool<. more 
acceptable, e.g. ｣ｯｬｯｵｲｩｮｾ＠ is added to canned peas to keep the accept-
able green colour. 
' The method by ,,rhich the house\dfe judges \'lhether the colour of a food 
is acc'eptable is complex. Firstly the consumer relies on her colour 
memory to look for \'lhnt she believes to be the natural colour \vhich she 
associates with the food; and secondly, superimposed on that, she has 
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the effect of conditioning, of learning that she may expect to find a 
food a certain shade of colour because of artificial conditions \vhich 
have affected the natural coloura 
For example, the consumer may prefer a yellO\v buttc-!r because she 
associates butter with a yellow colour. Traditionally yellow carotene 
has been added to butters sold on the British market. c llo,\·ever, bu_tters 
previously sold exclusively in other E.E.C. countries, Holland, Germany, 
France etc., which have less carotene and are, therefore, ｰ｡ｬ･ｲｾ＠ are now 
readily available in Britaino 
When selecting a food, the conswner may rely on her colour memory to 
compare the colours of the samples before her to products she has known 
or has bought previously and found acceptable. From the range of 
colours before her she has to select w·hich colour is closest to her 
ideal; or she may merely find that \-ti thin a selection of food colours 
there is a range of the ｣ｯｬｯｭｾｳ＠ ,,rhich she finds acceptable and she \'fill 
choose variations of colour \'li thin that range. 
1. 1 The Present Studx: 
The effect of colour on the acceptability of food could be investigated 
in many \'lays, but for this study luncheon meat \1as chosen as a specific 
food in which colour parameters could be adjusted and the product 
acceptability assessed. 
Luncheon ｭ･ｾ ﾷ ｜ｴ＠ is a processed food \'lhich derives its normal pinl\ colour 
.. 
'from the use of cured meat. Erythrosine is a permitted artificial 
Ｍｾ ｣ｯｬｯｵｲｩＮｮｧ＠ matter used to boost the naturnl pinkness of Luncheon meat. 
The Luncheon meats sold in ilri tain have a ,.,..ide range of appenrances and 
colours due to diferences in characteristics such as partie le size and 
degree of pinkness. There is little previous work to shmv hmv these 
variations in appearance and colour reflect in qu;l.li ty, price and 
acceptability, and there \'/as, therefore, scope for establishing hm'l 
; these parameters related to product acceptability. 
Several topical colour problems being faced by the Dritish food industry 
arc relevant to this product. The two major factors relate to the \vay 
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in which luncheon meat pinkness is brought about, namely, the use of 
sodium nitrite to produce the cured meat colour and the use of 
erythrosine as a colouring matter. 
The preliminary.part of the study involved defining the parameters of 
interest in the acceptability of the colour and appearance of luncheon 
meats by examining commercial samples. Hethods of measuring the 
parameters were established<) Colour measurements ,\·ere ｣｡ｲｬｾｩ･､＠ out 
instrumentally or by visual assessment (Section 5.4) o Acceptability 
\'las assessed by panel assessment, and overall appearance ,.,.as recorded 
by colour photography. 
This \'lark \'las follo\'led by a study of laboratory prepared samples \llhose 
colour and/or appearance '"ere intentionally altered by variation in 
recipe or manufacturing procedure. Each variation \otaS examined for 
its effect on acceptability. The colour \ITas kept constant \'lhilst the 
homogeneity of the luncheon meat \vas adjusted by variation in the 
chopping procedure. The acceptability '"ithin the range of meat and fat 
partie le sizes and distribution '"as determined to give information 
regarding the optim wn overall appearanceo 
}i'or some years \'fork has been carried out in man)r countries on the ·Use 
of sodium ｮｾ＠ trite follm'ling the discovery that nitrite can react \vi th 
secondary amines \'lhich may be present in the proteins in certain 
conditions to produce nitrosamines \'lhich are carcinogenic (Section 3.1oh) .. 
Nitrite usage has been restric1..ed and we may yet see the day ,.,hen it is 
ﾷｾ｡ｮｮ･､＠ completely. However, it has other properties, the most 
important of which is that of producing resistance to bacterial grmv-th • 
.... 
As a result, luncheon meat containing nitrite is only given a moderate 
heat process (Section 3.0) ｾ＠ Should nitrite be banned the consequences 
could be serious and the so-called 1 cured 1 products \muld not longer 
exist. A canned luncheon. meat type product \vould require a stringent 
heat process. Furthermore, even if the . colour ang flavour properties 
of nitrite \vere compensated for by other additives in 1 h..·un 1 or 'bacon', 
. these products \•rould have a short shelf life and could, therefore, be 
ｰｯｴ･ｮｴｾ｡ｬｬｹ＠ hazardous to the unsuspecting housewife. 
The colour property of nitrite \'/as of interest in this study and a 
range of nitrite levels ,.,ere -examined to shmv their effect on cured 
coiour development and colour stability in the luncheon meat ｳＩｲｳｴ･ｭｾ＠
The influence of sodium ascorbate on the cured meat colour \'las 
investigated as it \vas believed to iraprove the colour stabilitya 
Artificial colourings are purely cosmetic and perform no nutritional 
roleo Recent ｴｾｸｩ｣ｯｬｯｧｩ｣｡Ｎｬ＠ evidence has shown that some of them are 
harmful and so public opinion is grmving auainst their useo Hmvever, 
there are conflicting opinions between the various le£Jislative bodieso 
In particular, Britain, in bringing itself into line with E.E.C. 
policy, has had to greatly modify its orioinal list of permitted 
colourings. 
This study involved a product in which artificial colouring rnntter is 
used, and although e17throsine is pennitted nt present, pressure may 
be brouglrt about to use only minimal amounts, in which case relevant 
data will be required on colour acceptability at low levels, and also 
justification for the use of any colouringa 
Various colouring matters were examined and erythrosine \'las studied in 
detail at a range of levels. to shO\f the need for some colour.ing :i.n 
order to produce an acceptable product o 
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Literature Revim'l 
2.0 The im12ortance of ｣ｯｬｯｹｾｴ＠ and its effect on the <tC:C<?J2.tnh i]. i tv of 
Food · 
Colour as an important factor affecting the acceptability of Food has 
been examined by ｮｵｭｾｲｯｵｳ＠ authors and studied, in ､･ｰｴｨｾ＠ by some 
(Mackinney and Little 1962, Francis and Clydesdale 1975). ｾ｡ｮｧ｢ｯｲｮ＠
( 1967) noted the importance of colour and appear::u1ce of a food, 
commenting 11 To a large extent 111<1-n recognises, discriminates, and 
selects nutrients with the eyec Through conditioning and association 
he expects an item of a certain shape and colour to have a specific 
odour, taste and texture". (Aubert 1976, Naga 1974-, Pangborn 1960, 
Pangborn et al 1963 (a) and (b)) If the colour is unacceptable there 
is little point in considering flavour and textureo 'fhe consumer has 
been educated to depend upon colour and appearnnce as the bas:is of 
acceptance or rejection; especially with modern packaging and use of 
display cabinets, so that ｴｾＱ･＠ retailer can capitalise on the enormous 
sales potential created by unique appeal, as in the case of fresh meat 
colour (Bailey 1968). Lighting affects the colour of a product and 
thus its acceptability (Baker ＱｾＱＷＱＩＮ＠ li'rancis (1970) discussed the 
effect of colour on food acceptability and listed the three major 
attributes of the quality of foods as colour, flavour and texture. As 
the trend towards self-service accelerates, poor colour and appearance 
or lack of visual impact may m-...:an that the consumer never evaluates the 
ﾷｾｬ｡ｶｯｵｲ＠ and texture because the product remains on the retailer's 
shelf (Heath 1974). 
Five functions should be considered in understanding human reactions to 
colour in foods (Foster 1956): 
( 1) Perception. Food selection of' judgement of ｾｯｯ､＠ quality would 
be ext!:"emely difficult if colour discrimination were removed 
even though size, texture, shape and other attributes were 
left intact. 
{2) Hotivation.. Food colour and colour of the environment in 
,..,.hich the food is seen can significantly ｩｮ｣ｮｾ｡ｳ･＠ or decrease 
our desire or appetite ftn"" ito 
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(3) Etiiotion. Liking ＰＱｾ＠ disliking a food is conditioned by its 
colour, attractive foods are sought out ns pleasure giving 
while ｵｮ｡ｴｾｲ｡｣ｴｩｶ･＠ foods are avoided ns ｰ｡ｩｮｦｵｬｾ＠
(4:) Learning. By the process of experience we learn what colours 
to expect and consider 'natural' and we ｰｲｴｾ､ｩ｣ｴ＠ ra.ther 
precis ely what properties a food or beverage \'li J 1 have from 
our memory of similar mnterialso 
(5) Thinking. Our reaction to unusual properties or to new 
foods can be changed if they are explained to uso 
Jeremiah and Carpenter ( 1972) reported that consumer studies have shown 
that the physical appearance of a ,-etail cut in the displa:'l case is the 
most important factor, determining the selection of meat. productso 
Consumers select meat primarily for lec-.. ｾ ﾷ ｵＱ･ｳｳ＠ and then for appearances 
using brightness of colour to judge these attributes o 'l'hey ｱｵｯｴｾ､＠ Shm·T 
(1964) as having found that 36e7% of the meat purchased from self 
service counters ,,rere unplanned and were impulse purchases S\\'ayed by· 
the appearance. 
Consumers often demand colours in food th2.t are not natural to the 
foods themselves, and these preferences vary for di.ffei"ent countries 
(Gormley 1975). 'l'he choice of colour is still a very personal factor. 
Szecsniak and Kleyn ( 1963) in their \'lork on consumer awareness of 
texture and other food att:cibutes included colour. A \'lord association 
test was given to one hundred people in order to determine their degree 
.texture cone iousness, and texture was found to be mentioned more often 
.. 
than colour or flavour • 
.... . 
McFadyn et al (19j:j found that processed meats had different criteria 
of ace eptabili ty compared 'd th fresh meats, so although there has been 
·considerable \\Tork on factors affecting the acceptability of fresh meat, 
(Baron et al 1973, Riordan 1973, 1974) the case for processed meats 
requires investigation • 
.-2.1 The ｅｶｾｬｵ｡ｴｩｯｮ＠ of Acceptability 
The acceptability of a product is Judged by sensory nssessment, i.e. by 
asking persons their opinion of the samples given to ｴｨ･ｾＮ＠ Colour and 
appearance can be assessed ｢ｹ ｟ ｾ＠ group of people, a panel, viewing the 
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product and reconling their feelings (Coleman t96!.i.J. This can be 
achieved in various wl.ys, e.g. testing the.product in the horne, 
(Cumberland 1973) in the shop (Hood and Hi.ordan 1973) ," or in specific 
areas such as a laborator·y (Van den Oord and h'esdorp 1971 Ｈ｡ＩＩｾ＠
The conditions used are dictated by the nature of the sample, and infor-
ｭ｡ｾｩｯｮ＠ requiredo Assessment of colour acceptnbility must be carried out 
under standard lighfing conditions because the colour appears to he 
different under light of vn.rious wavelengths, and consequently accept-
ability may varyo Other conditions must be uniform, including testing 
area, testing set-up, sample preparation, coding and order of presenta-
tion, in order that the panelist is provided with the optimal setting 
for unbiased judgement. (Larmond 1973) 
Cumberland ( 1973) used a panel of female clQrical '"orkers to orade a 
selection of chicken carcasses for colour ｰｮｾｦ｣ｲ･ｮ｣･Ｎ＠ She then \vent 
on to use a large randomly selected consumer panel, '"ho she intervic,,•ed 
1door to door', and questioned· about their colour preferences of frozen 
chicken carcasses. She also carried out shop tests to find the 
consumers 1 attitude to the acceptability of the colour of chicken 
carcasses, when studying the possibility of selling yellm\' coloured 
chickens, a result of having fed them a corn based diet. 
Jerelniah and Carpenter ( 1972) tried to identify subjective visual colour 
standards \'lhich could be utilised at various locations (packer, retailer, 
etc.) to define colour standards in terms of hue, value, cln ::>Ilia 
. • ｾＨｬＧＱｵｮｳ･ｬｬ＠ 1967) and to test representative steak samples for consumer 
acceptability. Steaks . \'lere allo"'·ed to bloom and v.rere judged by a 
trained ｾｾｮ･ｬ＠ of three, using a nine point hedonic scale. The steaks 
\'lere displayed in three local stores and fifty customers purchasing the 
meat at each '"ere observed. A technician also intervie\ved the 
customers to ｦｾｮ､＠ their preference regarding muscle colour. They \vere 
asked to judge the colour on a seven point ｨ･､ｯｮｩｾ＠ scale ｾＷ＠ = extremely 
desirable, 1 = extremely undesirable). 'l'he colour \v-as also measured 
instrumentally and the visual scort:!s '""ere found to have correlated \vell 
with the score data predicted by the ｾＱｵｮｳ･ｬｬＬ＠ Gardner aud Bausch and 
LOJnb sys terns. 
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Hood ( 1973) used the in-store observation technique w·hcn looking at 
shopper discrimination a gainst discolouration in prepackaged beefo 
Hood found that the technique had an important advantage in that the 
customers had ample opportunity to examine and select the piece of 
beef to suit them best. He found that ｯｴｨ･ｬｾ＠ considerations had to be 
taken into account in designing the trial in order to produce useful 
inf'ormation.. Trials of less than a day ,.,ere found preferable to 
minimize the development of metmyoglobin between the begining and end 
of a trial. Hood and Riordnn (1973) found that the factors likely to 
influence the probability of selection of a particular piece of beef 
from a self service di_splny cabinet requiring special consideration 
(1) The degree of discolouration. The effect of this attribute 
may ｾ･＠ influenced by lighting conditions the absolute level 
of discolouration, current views about discolouration held by 
shoppers, and by the sample of shopper population included in 
the study. 
(2) Actual meat colour, as opposed to discolouration effects, the 
intensity, hue and bright"ness of meat colour contribute to 
its desirability and may influence consumer choice. 
(3) Physical characteristics of the meat, the degree of drip 
\'lhich accumulates in the pack • 
. ｾＴＩ＠ Other characteristics, weight, price, amount of lean, fat and 
bone • 
... 
(5) Conditions of packaging. 
(6) Position o£ pack on display in relation to other packs and to 
other types of meat offered for sale. 
9<rc1 & \olesdarp (1971(a» evaluated the colour of beef and ｾｳｫ･､＠ their panel of 
eight members to express all visual aspects of the samples '\•hich might 
influence the colour judgement and to combine them with the colour 
score to give a total score. Colour \\'as ranked on a ten !)oint scale 
( 10 extremely good to 1 extremely bad). Samples given a. mean score. of 
... 9 
less than 5·'± \'iere considered unacceptable. 'fen poini: scnles 'mre also 
used to score for appearance impression and for the total score ｾＱｩ｣ｨ＠
included all visual aspects. Colour rating hy an eight membered panel 
on a ten point scale was found to give satisfactory results. The 
colour scores 'vere very similar to the total score and sh.ow the 
importance of colour to the consumers' decision of acceptability. 
2.1.1 The choice of Panel Nembers 
The choice of panel members, their selection and ｴｬＮｾ｡ｩｮｩｮｧ＠ and the size 
of panel can have an important effect on results. (Hartin 1973, 
Elliott 1969, Hirsch 1975) Szecsniak and Kleyn (1963) included 
colour and flavour in their study on food texture using a panel of one 
hundred people. Little difference appeared between the sexes '"ith 
respect to flavour and colour. Technical male personnel gave more 
responses to colour than the non technical male personnel but no · .. 
significant differences were noted for flavour response. 
2.1.2 The Scaling of Panel Response 
The easiest 'vay ｦｯｬｾ＠ the panel to express the acceptability of a product 
is by the use of hedonic scales (e.g. 0 = unacceptable to 5 = highly 
acceptable) but the range of the scale is adapted to suit the situation. 
Enfield ( 1968) considered different ｨ･､ｯｮｾＮ｣＠ scales in his '"'ork on 
problems related to genetic analysis of differences in meat colour. He 
based his ·choice of scale !:jO that the number of classes related to 
repeatability of results, or the ability to classify a given sample Ｇｾｩｴｨ＠
the same or nearly the same score, ｾｦ＠ t'"o independent observations are 
'titade, and in selecting enough classes so that if there is any genetic 
variat-ion for colour it ,.,rill have an opportunity to be expressed in the 
classification chosen. 
Jeremiah and Carpenter (1972) used a seven point hedonic scale (7 = 
extremely desirable 1 = extremely undesirable), '"hen questioning 
customers 'vho purchased samples of steak from a local store to find 
their preference regarding muscle colour. The steaks '\'ere also judged 
;by a trained panel of three using a nine point hedonic scale, since 
where the judges were more used to the questions, they could pick 
differences on a larger scale. 
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.!.be ｔｨ･ｑＡＺ･ｾｾｩ｣｡ｬ＠ Asncr.t.s of Luncheon Heat Hanufacture 
Luncheon meat is a chopped cured meat product providing a cheap, 
nutritious and palatable presentation of some of the cuts of meat 
which are less desiiable to the housewife. This type of product was 
originally made to preserve meat for later consumption, it proved 
acceptable ｾｮ､＠ is now sold as a food in its own righto 
It is made by putting together ti1e main ingredients, meat, fat und 
curing salts, 'vi th other consti t.uents l·lhich vary according to the 
recipe, and comminuting the mixture. The range of chopped meat pro-
ducts is very extensive, varying from a fine textured product such as 
a ｦｲ｡ｮｫｦｵｲｴｭｾ＠ to a product with a very heterogeneous appearance such 
as 'chopped ｨ｡ｴｾ＠ and pork 1 with noticeable pieces of meat and fat .. 
(Fisher 1956,· American Meat Institute Foundation 1960). 
The product contents vary and nre governed by· recipes and legal rest-
rictions within the country of sale. In Dritain (prior to entry into 
the ｅｾｂＺＮｃＬＩ＠ a Luncheon meat \v-as defined as a product uhose particle 
size did not exceed half an incho This definition no longer applies. 
ｾＧｨ･ｲ･＠ is now legal control over the minimwn content of meat and fat, 
and maximum content of other ingredients. (Taylor 1965, O'Keefe 1968) 
"!'hese are expressed through the follmdng:-
.. The Canned Meat Products Regulations, 1967; 
The Food and. Drugs Act, 1955; 
The Trades Description Act, 1968. 
The mnin type of product of interest in this study '"as canned luncheon 
·meat, n high percentage of \vhich is import8d to Britain from Holland 
and DerunRrk. (Bollans 1974)o 
ｄ･ｴ｡ｩｬｾ＠ of the chopping procedure, equipment and recipes used are 
given in Section 9 and the theory is fully described by Gerrard (1969) 
and Kramiich et al (1973). 
--------- -- . ------. ---- ----- -------- . 
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The chopping procedure is carried out in a bowl choppero The meat and 
salt are mixed and comminuted,. \ifater, nitrite and spi.ces are chopped 
in \vith the meat, together \dth permitted colouring matters if they are 
to be addedo Filler is added to mop up excess liquid and the fat is 
mixed · in. \vork at the Leather-head Food H..A. (E\rc:.u1s and Hanken 1975) 
has sho\m that some fat \...-ill become broken even though the fat is not 
added until the end of the chopping procedure and that three types of 
fatty tissue may be found in the final mix. The first is broken cells 
and free lipid, the second unbroken cells, and the third c ltunps of 
fatty tissues. The meat results in some entire chunks, some partly 
shredded and some extracted protein. Although the mix is often termed 
an emulsion of fat in aqueous ｦｬｾｩ､＠ and meat, it is truly only a mix-
ture of all of the ingredients \-Ti th partial emulsificationo It is 
recommended that the temperature should not exceed 17-18°C during the 
chopping procedure, for a stable pr·oduct incorporating the maxinnun amount 
of fato Intense local heat may . denature the meat proteins and this could 
occur at the knife edge when the blades are rotating at speed. The 
temperature of the ingredients should, therefore, be as lmv as possible, 
and ice used as \vell as \'later in the 14 ecipe. Latent heat is then used in 
melting the ice. ｾｬｩ｣ｲｯ｢ｩ｡ｬ＠ action is increased 'd th rise in ｴ･ｭｰ･ｲ｡ｴｵｬｾ･＠
so this is u further reason for keeping the mix cool. 
3.0.2 The Heat Process 
The mixture is filled into suitable sized cans and placed in a retort 
for the heat process. Details of the actual operation used arc given 
1.n Section 9. Hethods of thermal process evaluation are based on the 
·rate of destruction of Clostridium botulinwn, a very resistant and 
dangerous micro-organismo (Spencer '1.968, Blood 1969, Hcrsen and 
.... 
Hulland 1969, Libby 1975, Heid and Joslyn 1967, Stumbo 1973). Hmvever, 
because Luncheon meat contains sodiwn chloride and sodiwn nitrite, a 
less s_tringent heat process is necessary than for meats ,.;i thout these 
salts. (i'-sh\'forth and Spencer 1972, Christian..sen et al 1973.) 
3.1 Ingredients Used for Haking Luncheon ｾｦ･｡ｴ＠
3.1.1 The Heat 
Luncheon meat is an important outlet for the poorer quality meats, 
often from the animal forequarters \\'here bones are not easily removed, 
and \vhere a high fat and gri.st'te content is found. (La\\Tie 1974.) 
- 12 -
It is cssenti<ll that the meat is of good hygienic and technical quality, 
,.,.ith a ｬｯＩｾ＠ microbioloaical count and that it is free from spoilage or 
rancid odour·s. The meat should be from well - nourished unstressed animals, 
as they have fe\\'er organisms in their tissues tltan animals '"'hich have 
l>een ﾷ ｳｴｮｾｳｳ･､＠ by travcllinn, starvation, poor la.irage concHtions, f:i.ghtinn 
etc. (Callm·T ＱＹＱｾＺＹＬ＠ l957, Price and Schweigert 1970) .. The live animal 
has defence mechanisms \vhich keep down the bacterial urm.,th, but they 
cease to function ur)on the animal's ､･｡ｴｨｾ＠ 'l'ho meat is susceptible to 
bacterial dE!Composition \vhich ｬｾＨｾｳｵｬｴｳ＠ in structural breakdo'"'no The 
ｮｾＱ｢･ｲ＠ of bacteria will rapidly increase if proper sanitation is not 
observed during slauuhter and evisceration. Sl.ilughter-houses have to 
comply with stringent ｲ｣ｵｵｬ｡ｴｩｯｮｾＺ＠ on this matter. (Ten Horn 1973, 
Thornton 197ft, \\rilson 19(>8.) The carcasses arc best if cooled to 3-5°C 
within sixteen hours after slaughter at a controlled relative humidity, 
and processed 'vi thin bventy-four hours.. Problems encountered with 
micro-organisms in the meat industry w·ere discussed by ｾｉＮｉＮｈＮａＮｎＮｚＮ＠ (1972) 0 
Danger may occur if certain bacteria such ns the Stnphl ncocci are left 
in the meat sufficiently long before inaction by heat processing, for 
them to produce toxins \vhich cannot be removed by heat treatment, and 
hence cause food poisoning.. (Jon::;en 19'!·5, t9't9, Nickerson and Sinske:r 
1972.) Salmonella are frequently found in animal guts, C\nd if the gut 
is broken during handling danger may arise. 
Physical aspects \vhich affect the colour of r<-lw meat 
'J."he major constituent of a luncheon meat is meat, generally pork, 
·,although similar. pro duets are made under d i :fferent names, using other 
meats. The colour and· appearance of the r,'- '" mHat will, therefore, 
influence the colour and ｡ｰｰ･｡ｲ｡ｮ｣＼ｾ＠ of tl)c final product, and the 
properties of the raw meat may inflttence its behaviour during curing 
and processing and also affect the end result. 
ｾＡｵｳ｣＠ le colour varies with species, pork beinn the. lightest of the 
three animal meats used in Britain (beef, lamb And podd. Nuscle 
colour and its variation 'd th anima.ls is thousJht to arise from here-
ditary, differences (Enfield 1968). The age of the animal also affects 
its colour due to the myoglobin concentration ｩｮ｣ｮＺＡ｡ｳｩｮｻｾ＠ with age. 
(Simmons n.nd Hixson 1.971t (b)). A high level of physical.activity in a 
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muscle ｾｳ＠ usually ｾ Ｍｴ｣｣ｯｭｰＺｬｮｩ･､＠ by a high myoglobin concentrntion (L 'n•rrie 
ＱＹＷｬｾＩＮ＠ High pH muscle is darker and the fibl'CS are swollen and tightly 
packed together (Bate--Smith 19h8); the layer of bright red o}.::ymyoglobin 
is only thin and purple myoglobin can quickly form (Simmons and Hixson 
ＱＹＷｾ＠ ｾ｣ＩＩｯ＠ Pale soft exudate muscle has an open structure and scatters 
light (NacDougall 19?0) and appears light in colour because of its 
proper·ties which arose from a rapid postmortem fall in pll Hhile the 
muscle temperature is high (NacDougall and Disney 1.967, Topel ＱＹＷＱｾＺＩ＠ o 
Factors \\'hich affect the colour of fresh n;ea t, pigment concentration, 
pH, bacteriul load and age are discussed by Butler et al .(1953), Watts 
( 1955), Carpenter et al ( 1965), Homans et al ( 1965), Janicki et al ( 1967), 
Cock (1968), Solberg (1968 (a) and (b), 1970), l"ox et al (1970), Greene 
(1.971), NacDougall and Rhodes (-1972), HacDougall et al (1973), Freedeen 
et al ( ＱＹＷｬｾＺＩＬ＠ Simmons and Hixson ( 1975). The colour of both fresh and 
cured meat is not only a property of the component haem pigments, their 
concentra. t.ion and fonn, but also of the morphological structure of the 
meat and its effect upon the absorption and scatterino of incident 
1 ight. (\lal ters 197l.d 
3.1.2 The Fat · 
The fat is composed of cells of connective tissue and free lipid, and 
has an important bearing on the quality of the final luncheon meat. 
Soft fat has thicker cell walls and chopping and cooking it results 
in less damage and fat loss than \Yi th a hard fat ,.,here th'd thin cell 
,,ralls are easily broken and the fat seeps out. The fat is softer the 
'·:further it is. situated from the centre of the carcass. ((!;vans and 
Hanken-. ｾＹＷＵＩＮ＠ '"hite fat is preferred, and it is also a ｳｩｾｮ＠ of good 
quality, as yellow fat is usually associated with older nnimals. 
Pink or _green discolourations found in cured meat fat may be due to 
the metabolic products of halophilic bacteriae (Lawrie Ｑ Ｎ ＹＷｬＮｾＺＩ＠
As \'/ell as the large amount of free fat added to the luncheon meat 
mix ( ,.,hich may be up to 30% of the total ingredients) some , fat ,.,ill 
;also be present in the lean meat. This intermuscular fat has an 
effect.on the appearance of the meat, deficiency of fat gives an 
undesirable appearance CHacDougall and Hhodes 1972) and the overall 
redness · of a meat surface is increased significantly 'dth increased 
marbling fat (Romans et al 1965). 
3o1o3 Sodium Chloride (Salt) 
Curing i.s a preservation process which delays or prevents natura.l 
decomposi ticn by inh:i.bi ting bacterial grm"th by the use of sodium 
chloride and nitrite and nitrate salts. Certain bacterin can tolerate 
these compounds and will still grow, but will cause less spoilage to 
the meat than the original uncured meat flora which grm'f more rapidly. 
(\.fe·isser ｾ＠ :197:1.). The combination of ingredients alters the nature 
of the meat during curing and this is fully described by Rust and Olsen 
Salt has a microbiological preservative action making \vater unavai !able 
to ｢｡｣ｴ･ｲｩ｡ｾ＠ and gives a desirable flavourG The salt solubulises 
myofibrillar proteins giving improved cohesion and binding the product 
on heating, and also helps in fat and ,.;ater retention. Thus the 
chopped meat product is less fibrous and more gelatinous and the meat 
pieces become less obvious. '£he protein solution also provides emul-
sifiers for the meat and fat dispersion. t\ny inorganic salt \rill have 
this effect but sodium chloride is the only cheap edible oneo However, 
to avoid an excess of sodium chloride which is ｣ｯｮｳｩ､･Ｑｾ･､＠ by some to have 
an unpleasant taste above a level of ＳＮＵｾＦ＠ in a food, other salts may be 
used in conjunction:- sodium ·citrate, sodium lactate and potassium 
chloride. 
Salt is used at ｬ･ｶ＼ｾｬｳ＠ beb\feen 3-5% for the maximum solubulisation of 
protein. Minced or chopped meat is far more sensitive, and the salt 
has a faster effect resulting in more protein being dissolvuu than ,.,ri th 
·.large meat pieces. Presal ting or soaking the meat in brine overnight 
also gives a better result • (Acton and Saffle 1969). The more lean 
.... 
red muscle tissue there is in a recipe, the higher the percentage of 
protein available for solubulisation, thus giving the binding strength 
essential for good properties in a canned chopped meat. LO\·rer grade 
meats have less. red muscle tissue and problems arise because less 
solubulised protein may be formed. To overcome tl)is the manufacturer 
uses other emulsifying proteins from non-hteat sources. 
3.1.4 Nitrites and Nitrates 
In the original brines nitrate and nitrite salts were present as 
accidental contaminants (Izzo 1935). Ho,.,rever, it has been found that 
nitrite has an effect in itso\\rn right (Haldane 1901). Nitrite ions 
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are a source of nitric oxide under sui table conditions ·1vhich react 
,vi th myoglobin to give pinl<. ni t.rosomyoglobin as described in 
Section 3.2. Nitrite and nitrate also give the product a desirable 
flavour. (Cho and Bratzler 1970, Ockermnn et al 1973, Kemp 1974 (b), 
Kemp et al 19'7'±). Nitrate and nitrite salts have very good anti-
bacteria 1 prope1..:ties and hnve a direct influence on pseudomonas and 
ach.omabacter (Phillips 1968), thus giving the cured meat better keep-
ing qualities. The ·nitrite is also thought to prevent ge0nination of 
bacterial spores so that less heat treatment is necessar·y to give a 
bacterial safe product. (Pivnick et al 1967, Greenberg 1972, Bulman 
and Ayres 1952, Chang et al 197l.1:). 'I'he importance of nitrite, its 
microbial properties and the position regnrdino heat process ｡ｾ､＠ meat 
products was covered by Spencer (1971) and Ingram and Hobcrts (1971). 
Nitrites have ｢＼ｾ･ｮ＠ found to react with proteins in many s i tuat.ions, 
including these in the nitrite-meat protein combination, (Rogers 1974, 
Fiddler et al 1971 and 1972) and nitrosamines may be ｦｯｲｭ･､ｾ＠ The 
interest in ni trosamines sprung ｦｬｾｯｭ＠ the \...-ork of Nagce and Barnes ( 1.956) 
which demonstrated liver damage induced by dimethylnitrosamineso These 
compounds can be formed in food products under certain conditions hy 
the react:i.on of nitric oxide \vi th secondary and tertiary <uuines or 
quaternary ammonium compounds. (Gough et al 1977, Panalaks et al 19711:) o 
Nitrates and nitrites are commonly found in nature in the soil, and in 
plants Ｈａｳｨｾｯｮ＠ 1970) but are actually put into foods during curing, and 
come into contact with meat proteino During cooking secondary amines 
may split off from the protein and react to give nitrosamines (Lijinsky 
and l!:pstein 1970) and they may also form in the stomach if the action 
of acid releases ｡ｭｩｮ･ｾ＠ and the proteins brea.kdmvn. (Sen et al 1969) 
The levels of volatile ni trosamines actually found in foods ( 10ug/l\:g) 
has been said to be too lmv to cause much cone ern. (I. F'. T. ·- '1972) • 
Therefore, it is the danger of nitrosamines forming in the stomach that 
is nmv causing concern and tighter controls 0\rer the use of nitrite may 
become a possibility Ｈｓ｡ｩｾ＠ 1972). 
Legal controls over the mi10unt of nitrite in a product at the point of 
·sale refer to 'residual nitrite' or the free nitrite \\'hich does not 
react ｾｩｴｨ＠ the meat pigments. When nitrite is added to meat, up to 
half reacts ''lith the meat pigments and further nitrite is lost by 
L 
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heating and storage. (Cassens et al 197h), The leg;;\l. maximum content 
for nitrite in luncheon meat in the U.K. is 200 ppm, although, in 
practice, it is usually less than 100 ppm. The legHl maximtun for 
nitrate is 500 ppm. 
19?5). 
(The Preservatives in Food Regulaticms t971 and 
Investigations have ｬｈｾ･ｮ＠ carried out into the elimination of ｮｩｴｬｾｩｴ･＠
from products which have traditionally contained it • (Kelly 1974, 
Shaw· ＱＹＷｾＩＮ＠ HacNeil and Hast (1973) looked at frankfurters without 
nitrates or nitrites, and used a spice mixture to replace flavour. 
They found that the disadvantage \'las the la.cl< of pink colour. They 
concluded that colour, not flavour, '"as the major problem to he over-
come. Kemp (1974W) looked at substitutes for nitrite in meat curinu .. 
He considered that from a sales appeal colour development is a most 
important nitrite function, from a health stnndpoint bacteriostatic 
action is most important, for the food cormcitsseur ｦｬ｡ｶｭｵｾ＠ might be 
uppermost, and there is also an antioxidant effect as a minor attri-
bute. To find one substitute for all the functions of nitrite is a 
difficult task and a mixture of substi tl.rtes for particular tasks may 
be the answer. However, there has been considerable success in finding 
substi tut.es for nitrite in the production of cured meat. colour. 
(Dymicky et al 1975, Fox 1975, Howard 1973). 
3.1.5 The Use of Texturised Ve.9..etable Protein as a Ne,9-t Extender 
Heat and fish are common sources of high protein foods, hm,·ever, as 
prices hc..nre escalated and food technology progressed, alternatives 
.l1ave appeared in the form of vegetable based high protein foods.. These 
are palatable, less expensive than meat and may be eaten as a food in 
ｾ＠
their ｯｷｾ＠ right or be used to extend meat, i.en partially replace meat 
in a product such as luncheon meat. (nender ct al 1970, Boulter 1970, 
Goldschmiedt 1973, Holmes 1973 (a) and (b), Pirie 1975, Sair 1975). 
The vegetable P.rotein may be used in the form of filaments produced by 
die extrusion of a paste to simulate a cou.rse grained meat, or a spinnaret 
extrusion of a solution to resemule a relatively fine grained meat. 
(Gutcho 1973). 
Under present U.K. legislation texturised vegetable protein may not be 
used ns an alternative to meat in a 'meat product'. It tnay either be 
used in a 'texturised ｶ･ｧ･ｴ｡ｾ＠ protein product' given a ne'i name, or 
used in addition to the meat of a 'meat product'. {Jones 1970}o 
Ｚｾ｟ＬＬＬＮＺＮＺＮ［ＮＬＬＬｾ ﾷ ＮＺＮＮＺＮｾ＠ .. ＭｾＬ＠ • .:..,,), . ............... \, .. ｾ＠ ... c,,. " •;, ',, ,, •• .:._::., ... • ... --"'-'-' • ""'"''"'''" .. ＧＧ ＭｾＭｾ＠ .. ［ＭﾷｾＭＭＺＭﾷﾷｾ ＭﾷＭ ﾷﾷＢＢ ﾷ•ＭＧＢｾＧＧＧ Ｍ ﾷｾｾＭｾＭＭｾﾷＭﾷﾷｍＭｾ＼ＭＭＧＭＭｨ•ｯ＠ .. ,_ ..... ｾ｟｟ＮＮＬ｟｟ Ｎ＠ • ... ｾ＠ ...... Ｌ｟Ｌｾ ＭｾｾｾＭＭ Ｎ ｾＭ .......... ＬＮＮＬ ｟ＮＮＬＮＮＮＮＮＮＮＮＮＮＬＮ Ｎｾｾ Ｍｾ＠
t 
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In anticipation of changes in the lm'l or ne'" product images and names, 
processors are considering ways of incorporating texturised vegetable. 
protein into products whilst maintaining acceptable texture, flavour 
and colour. (Chambers 1970). 
3.2.0 The Natural Colourinq Hatter of Neat 
The I-leat Pigment 
ｔｨｾ＠ red colour of meat is due to the oxygen carrying pigments of the 
animal or one of their derivatives. Haemoglobin is the pigment present 
in animal blood and is found in small amounts in muscle tissue. It has 
a molecular weight of 67 ,ooo. Hyoglobin in the ｰｩｧｾＱ･ｮｴ＠ is responsible 
for oxygen transfer \d thin the muscle and is the predominant ｰｵｲｰｬｾＮ［［ｨ＠
red pigment, having a molecular weight of. 16,700 (Watts ＱＹＵｾ＠ and 1955). 
M M 
Myoglobin 
Fig. 3.1 
Both compounds contain a haem group iti which the iron is placed 
centrally in a ring composed of four pyrollic rings. Four of the 
co-ordination positions of the iron atom within the plane of the 
pyrollic rings are satisfied by the nitrogen atoms of th6 five 
membered rings involved. The fifth is co-ordinated to an imidazole 
residue contained \'li thin the protein structure, and the sixth co-
ordination position is occupied by either another imidazole residue 
or a ,,rater molecule or another ligand ·such as oA-ygen or nitric oxide 
Ｈｌ｡｜ｾｲｩ･＠ .1974, Govindarajan 1973 (a), Lemberg and Legge ＱＹｾＹＩＮ＠
I 
___ ...... 
! 
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li'resh meat colour is associated Ｌｾﾷｩｴｨ＠ myoglohin combined with oxygen, 
giving the bright cherry red colour of oxymyoglobin.. Oxidation of 
myoglobin to the ferric state results in bro\m metmyglobin, and is 
accelerated by a number of factors, lm,' pH, high salt concentration, 
lmv oXygen tension etc. Denaturinn agents convert myoglobin and 
there myoglobin derivatives to brmvn heamichromagens. (Fox 1968). 
Green pigments may also be formed from myoglobin e.g. by hydrogen 
sulphide, hydrogen peroxide, or bacterial decomposition. The Porphyrin 
may remain intact (sulphmyoglobin) or become opened 'vi th iron still 
present (verdohaem) or the porphyrin ring rnay be detached from the 
protein moeity, lose the iron and form a chain of green, yellow or 
colourless bile pigments. These pigments are described by La\vrie 
( 1974). (Fox and Thomson 1964). 'l'bc various forms of myoglobin have 
characteristic spectra by '"hich they can be identified. An excellent 
table of the different forms of the myoglobin pigments is given by Hust 
and Olson (1973) and colour photographs illustrate the differences in 
colour of the meats as the pigments change form. 
3.2.1 The Uncooked Cured Heat Pigment Nitrosomyoglobin 
When sodium nitrite or nitrate is added to meat nitric oxide is 
liberated from the salt and reacts with the meat pigrJent myoglobin to 
form pink nitrosomyoglobin. The general chemistry of curing is discus-
sed by Lawrie (1974), Govindarajan (1973 (b)), Fox (1966), Schweigert 
(1956), Urbain and Jensen (19LJ:O), Sair (1962 (a) 1963 (b)) and by many 
other authors. \valters (1974-) reported that the primary action of the 
'·lli trite in curing \vas the oxidation of oxymyoglobin to metmyoglobin, 
'vi thou:t., apparently, the production of an equivalent amount of nitric 
oxide •. 
Walters (et al 1965) postulated that certain elements of the muscle 
respiratory enzyme system can bring about the reduction of nitrite to 
nitric oxide in combination 'dth metmyoglobin. 'l'he nitrosyl metmyo-
globin formed is reduced to nitrosyl fero myoglobin 'vhich is the 
; uncooked cured meat pigment seen in bacon. (Frouin and Gordier 1973, 
ｌ｟ ｾＭＭ
Reith and Szakaly 1967, Hanken et al 1972, Sair 1962 (b), Brooks et al 
1940, Watts et al 1955). 
ﾷｾ＠ 19 .. 
Duisberg nnd j\Jiller (191+3) J isted the fnctors affecting colour developrnent 
of cured meat as nitrite, myoglobin, micro-o_rganisms, .sugars, o:>..-ygen, pH 
ionic concentration of pickle solution, oxidation-reduction potential, 
the structure of the r:1eat muscle, temperature of curing and dessicatione 
He found that pll · 5.2- 6 .. 0 was the best for curing. Evans (1975) found 
that in bacon a residual nitrite level of 30 ppm \\'as necessary for pink 
col.our development at the time of cooking. 
3.2.2 The Cooke?- Cured .1'-fcat Pigment - Nitrosohaemochromanen 
Luncheon meat is a cooked cured meat product and it.:; natural colour is 
due to the denatured nitrosomyoglobin pigment called nitrosohn.emochro-
magen. The formation of this ｰｩｧｭ＼ｾｮｴ＠ from nitrosomyoglobin was 
discussed by Fujimaki et al ( 1975). Ｇｦ｡ｵ｢･ｴｾ＠ and Simon C1963) found that 
approximately ＸＶＭＹＳｾｾ＠ of the total pigments in frankfurters had reacted 
to form nitric oxide myochromagen, and its formation was dependant on· 
the time and te!llperature of the process used. Other factors affect 
colour development, and it \vas found that putting the meat under Yacuum 
before processing accelerated colour developmentv 
'l'arladgis ( 1962) carried out ｳｰ･｣ｴｬｾ｡ｬ＠ studies 'vhich indicated that the 
pigment of cooked cured meats, and thnt of the denatured nitric oxide 
haemochr01nagen is a lo\v-spin ferrous-porphyrin co-ordination ｣ｯｭｲｾｬ･ｸＮ＠
His results ｾｨ｡ｷ･､＠ that both co-ordination positions of the iron ion 
in these compounds are occupied by nitric oxide and that globin is not 
associated with the molecule. Spectral studies of the pigments of 
cooked cured meats 'vere also carried out by Tappel ( 1957 (a) and (b), 
ﾷｾＱＹＶＱＩＮ＠
\iatts ( 1954) had previously ､･ｳｾｲｩ｢･､＠ the pigment as a denatured globin·· 
nitric oxide haemochrome, i.e. that globin occupies one of the co-
ordination positions of the iron ion. Evidence that the globin is not 
｡ｳｳｯ｣ｾ｡ｴ･､＠ 'dth the pigment of cured meats was given by Hornsey ( 1956). 
He found that the pigment is soluble in acetone, ｾｮ､＠ he (Hornsey 1961) 
measured the destruction of the red colour in cooked cured meats as 
; fading occured. 
This study '"as concerned 'vi th colour development at lovl nitrite levels. 
Taylor (1960) found that 10 ppm nitrite \vas the threshold level 
necessary for colour ､･ｶ･ｬｯｰｭｾｰｴ＠ in luncheon meat, and at lmv nitrite 
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levels colour development continued to take place in the CL\n nftP-r 
processiug.. During a study on bologna Fox et al (1967) :found a 
similar occurance, if pigment conversion \vas ｬｯｷｾ＠ belo,,r ＴＰｾｾ＠ during 
processing, conversion continued during storage :for a short time, but 
if' the pigment conversion was high, ｇＰＭＷＰ＿ｾＬ＠ no ｦｵｲｴｨ･ｬｾ＠ colour develop-
ment took place, but the emulsion began to lose colour and .fude. 
Taylor ( 1960) establ'ished a relationship between residual nitrite con-
centration and colour development nnd stability. Sair (1963 (a)) 
confirmed that colour stability \vas imporved by increase in nitrite 
level, but showed that levels o:f nitrite which \'lere adetgmte for 
colour development were insu.f.ficlent for ｲ･｡ｳｯｲｵＱｾｬ･＠ colour stability. 
Fig 3.2 Colours Helated to Stages in Luncheon Neat Hanufacture 
Stage 
1. Selection of ra\'1 
material - meat 
2. Addition of 
nitrite 
3· Heat 
4. Storage in tin 
5. Exposure to 
'iight and air 
Colour 
red 
grey /brm.,rn 
brm'ln 
pink 
grey 
t--1eat Pigment 
myoglobin oxymyoglobin metmyoglobin 
metmyoglobin and nitric oxide 
some nitrosomyoglobin 
denatured metmyoglobin, some 
residual nitrite, some nitroso-
haemochromagen 
nitrosohaemochromn.gen loss of 
residual nitrite 
me.tmyochromngen and oxidised 
porphyrins 
(Cantoni et al 1974, Clydesdale and Francis 1971 (a) ) 
3.2.3 The Discolouration of Neat 
The temperature of storag_e can significantly influence the discoloura-
; tion of meat, as reported for fresh meat by Snyder (196ft). 'l'he 
development of bacteria in a meat can lead to discolouration, (Shipp 
1964) especially when the access of air is restricted for fresh meat 
in a pack. (Kraft and Ayres 1952, Butler et al 1953) Reports of 
discolourntion in fresh meat are also given by 'l'aylor and NacDougall 
( :1.97;), Hickert et nl ( 1958), ·-i.tkinson and Follett ( 1973), Landrock and 
Wallace (1955), Taylor (1968)o 
A discolouration reported in both fresh and cured meats due to 
catalase negative bacteria,..,and resulting in grey or green patches 
amo_ngst normal haem pigments, \\·as seen by 'l'jaberg et al ( 1969) in 
Norwegian salami sausage o Shank. and Lundquist ( 1963) found that 
vacuum packing meat samples prevented discolouration by aerobic 
bacteria, but anaerobic bacteria action continued. 
ｍ･ｾ｡ｬ＠ ions can also bring about discolouration. Ｈｓｲｾ､･ｲ＠ and Skrdlant 
1966). The addition of EDTA to brines contaminated '"ith copper \>lilS 
hoped to prevent a black discolouration of canned cured ox tongues 
(Board and lhsan-al-Haque 1965) but was unsuccessful and the copper 
caused discolouration .. 
Yellow· brmorn discolourations appeared on the surface of canned cured 
pork due to a damaged tin coating which allo\\'ed the iron beneath to 
catalyse the oxidation of notric oxide derived from nitrite, to 
nitrogen dioxide, and hence the formation of metmyogiobin (Suvakov 
et al 1969)o 
Light in particular causes discolouration. (Pracejus 19119, Taylor 1960 1 
Ramsbottom et al 1951, Rickert et al 1957, Kraft and Hyres 19511, (a) & (b), 
Voegelli 1952, Solberg and Franke ＱＮＹＷＱｾ＠ Anderton and Locke 1955, Draudt 
and Deatherage 1956, Lee 1968). Hornsey (1964) considered that the colour 
··of cooked cured meats faded ,..,i th exposure to light and air, and that 
the faCling is usually accepted as being due to an initial light activated 
dissociation of the nitrosomyoglobin follm'led by oxidation by atmos-
pheric oxygen to metmyoglobin. He also investigated the effect that 
different cooking temperatures had on the subsequent colour stability 
of the product. Tarladgis (1962) discussed the mechanism of the fading 
of cooked cured meat. He found that the fading ｣ｾｵｬ､＠ be brought about 
by either lipid oxidation or by light dissociation ot the nitric oxide 
· from the ferrous-porphyrin co-ordina.tion complex and by subsequent 
fonnation of metmyochromagen and green pigments. The removal (ionisation) 
or excitation of electrons f -rom the molecular orbital of the porphyrin 
ring r( electron cloud vrould be involved in both mechanisms. Handigo & kunert 
( 1973) discussed fading of ｣ Ｍ ｾｬ｣･､＠ cured meats and found that analysis of 
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the pigments using the Hornsey Nethod revealed that the major part of 
the pigment \.Yas lost :i.n the first sixty minutes o Kampshmidt ( 1955 (a) 
and (b) ) found that fading of cooked cured meats \vas mostly caused by 
wavelengths of light bet\veen 350 - 580 nanometres o 
Display case lighting which does not significantly discolour fresh 
meats over a period of three days can cause noticeable fading of cured 
products \dthin one hour (Halters 1974..) in the presence of o:>...')'geno 
Kraft and Ayres ( 1954) reported that soft '"hi te fluorescent light \\'as 
unimportnnt in causing discolouration, 'vhereas ultraviolet light promoted 
rapid discol.ouration, and also produced dehydration which caused ｲ･ｴ｡ｲ､｡ｾ＠
tion of bacterial growth. Zachariah and Satterlee (1973) reported that 
short wavelength fluorescent light had more ･ｩｾｦ･｣ｴ＠ than long \1/avelength 
red fluorescent and incandescent lights. Taylor and Pracejus (1950) 
showed that it \vas the radiation in ｴｨ･ｾ＠ visible spectrum from a fluores-
cent lamp that caused fading rather than ultraviolet energy. 
Hmvever, different parts of the spectrum produced equal fading of sliced 
.bologna ,.,hen the light intensity \'las held constant (Allen 19l.1:9). 
Fading 'v(-15 reduced b)r filtering out the wavelengths considered to be most 
harmful, and Urbain and Ramsbottom (1948) indicated that the use of road 
cellophane for \\Tapping cured meat permitted greater colour retention 
than cellophane transparent to all \\"avelengths. 
Packaging can also have a very significant effect in retarding the fading 
uf cured meat if it is used to remove the meat's oxygen supply a Conse-
［ｾｵ･ｮｴｬｹ＠ vacuum packing in oxygen impermeable film \1/'as shO\m to be an 
·effective means of preserving the colour of cured meats. 
Bailey et al ( 1964) \vorked on factors· affecting the fading of the colour 
of cured meat pigments and shmv-ed that sodium ascorbate, nicotinamide 
and a pH contro.l during curing of 6.8 improved colour stability under 
the influence of light. BrO\m et al (1974.) found that ascorbate treated hams 
had superior colour stability and this is also shm·rn by Chang and \iatts 
( 19l.1:9), Bauernfiend and Pinkert ( 1970), Borenstein ( 1965), Ji'ox and 
Ackerman ( 1968), Frati ( 1972), Grau ( 1969), Hollenbank and Nonohan ( 1953), 
Ranken (1974), Locke (1954), \vatts and Lehmann (1952). 
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'l'aylor (1960) discussed f?ctors which affect fading, and found relevant 
factors to include the effect of storage of the cooked product, us 
after 9 to 10 days of storage, the colour stability was found to 
decrease. As the severity of the cooking ｰｲｯ｣･､ｕｬｾ･＠ \vas increased, so 
the colour stability \'ias found to decrease., 
3o3. The_Use of Colouring ｾｴ｡ｴｴ･ｲｳ＠ .to Improve the Colour and 
Acceptability of Food 
Original food colouring matters ｷｾｲ･＠ derived from animal and vegetable 
sources, such as cochineal, caramel and annatto. However, after Henry 
Perkins synthesised the 'coal tar dye' in 1856 a much wider range of 
colours became available and ｦｯｵＺｾ､＠ use as food colourings, '"i thout 
concern over their nature or purity. (Noonan 1962). Food colours '"ere 
sometimes used to disguise a product or defraud the customer and U ttle 
attention was paid to the toxic effects of food additives. Little or 
nothing \'laS known of the care inogenic, mutagenic or teratogenic Bffects 
of the colouring matters used. After 1900 the toxicology and chemistry 
of food additives \vere examined, and stricter criteria for safety ,.,.ere 
subsequently· used and many colours used in food, bannedo 
Regulations have been put into operation in different countries con-
cerning the use of colouring matters, and attempts arc now being made 
to harmonize food additive legislation, so that trade barriers are 
removed and that food is safe and fair trade is practiced. Some progress 
has been made in Latin America (the Latin rtmerican Food Code) and in 
ＬＮｾｵｲｯｰ･＠ (E.E.C.) (\'linston 1973). Horld,'lide there is the F.\0-\vHO Codex 
Alimentarius • 
. . 
t 
In Britain the Colouring Matter in Food Regulations, 1.957 (S.I. 1957 
No. 1.066), prohibitted the sale or importation of food containing any 
colouring matter other than that ｳｰ･｣ｩｦｩｾ､＠ in the first schedule, con-
sisting of coal tar dyes in Part 1 and natural colours, of mainly 
vegetable origin in Part 2. The Regulations do not direct that the 
presence of pennitted colour be declared on the label, but prepackaged 
foods have to comply with the Labelling of Food Order (S.I. 1973 
' No. ＱＳｬＮｾＺｏＩＮ＠
Coal tar ､ｹｾｳ＠ are described by their common name and by the Colour 
Index Number. (Hinor 1962). 
After the Colouring ｈ｡ｴｴ･Ｑｾ＠ in Food Hegulations of t966, the usc of many 
colouring matters had to be revie\ved because of Dri tain 1 s entry into 
the E.E.C., and a revised list of food colours wns given in 1974. The 
number of permitted red colouring matters ,\·as reduced and only the 
follm·ling are now penni tted:-
Ponceau 4R Carmoisine Amaranth Erythosine Hed 2G 
How.ever, several natural colouring matters nre permitted including 
cochineal (or its derivative, carmine), red iron oxide and many red 
vegetable dyes which are discussed later. The aluminium or calcium 
salts (lakes) of any of the scheduled ,,•atcr soluble colours are also 
allmved (Noonan 1966}. 
Food colouring matters are continually being re-examined on toxicologi-
cal grounds and of the permitted red colours doubts have been raised 
about amaranth, Red 2G and Ponceau ｌＮｾＬｈＮ＠ (Kuzio 1971, 0 1I3rien l9?3). 
Ainaranth has recently been banned in the U.So.A. and France (Anon 1975) 
and alternatives are already being considered by manu:facturers in 
Britain. Red 2G is permitted in the U.K. until the end of 1977 but is 
not pennitted in the f!:.g.c. generally. Hepresentations are ｢･ｩｮｾｊ＠ made 
for it to be allm.,red to remain on the Bri ti.sh list of colours, but 
since the:ce are doubts about its toxicity this is unlikely, until 
extensive tests have been can-ied outo Allura Hed has been suggested 
as a red colouring and is at present permitted in the U.S.A .. and 
Denmark but not in Britain. (Barron et. al 1973, :Harndon 1973) .. 
Permitted colouring matters are \ddely used in all types of foods 
, ｾａｬｬｭ｡ｮ＠ 1973, Botma 197'±, Clarke 1952, Gill ＱＮＹｬｾＺＸＬ＠ Goldberg 1966, 
,. 
Kinnison 1974, Nursten and Willimns 1969, Davies 1973, Presgrave 1972, 
Gemmill 1957, Noonan 1968, Nursten 1973). 
Of the perm:i. tted red colouring matters, several are not heat stable and 
are unsuitable for use in luncheon meat. Ｈ｜ｾｩｮｳｴｯｮ＠ 1968, Ta;rlor and Hay 
1957). Carmoisine is completely destroyed and amaranth, allura red and 
Ponceau 4R suffer considerable decomposition during processingo Ponceau 
ｾｒ＠ develops a salmon pink- hue 'vith storage. Erythrosine is sufficiently 
'heat stable for use in luncheon meato (Goodall 1963). Knowles et al 
(1974)' examined the stability of red dyes in Luncheon meat, in the 
presence and absence of nitrite. The dyes \'lere extracted and examined 
by visible and ultra-violet spectroscopy, and paper chromatography for 
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any ｣ｨ｡ｮｧ･ｳｾ＠ ;\ll of ｴｨｅｾ＠ synthetic colours '"ere destroyed to some 
extent but \vith nitrite present less ｴｮｾ･｡ｫ､ｯｷｮ＠ occurred" He also 
found that some subsidary dye components and colourless fluorescent 
products were formed as a result of the heat process and in certain 
cases · additional products \iere observed in the presence of nitrite. 
The Trace Haterials (Colours) Committee 1963 extensively investignted 
the. behaviour of the dyes during processinu and sterilisation of food 
products. 
Nursten and \Hlliams (1969) have r<::v:i.e\ved the literature concerning the 
stability of the coal tar dyes used in foodso 
3.3G1 Natural Colouring Natter 
Due to the strict legal control of the addition of synthetic eolourjng 
matters to foods, there is growing interest in the use of natural 
colouring matters such as plant and animal pigments. L\non 1.973, 
Dupaigne 197L1). A number of red plant pigments have been investigated 
for use in meat products, but it appears that they are unstable to 
heat, light and other conditions, their properties and possible uses are 
discussed by a number of authors. (Philip 1975, Baker et al 197l.1: (a) 
and (b), ｅｳｳｾｬ･ｮ＠ and Sa;muy 19'75) • Naing (1972) examined the possibility 
of betanin as a food colourant. The plant pigment \vas found to be less 
stable than artificial dye solutions. Hm\'"ever, \vhen betnnin concentrate 
was used in bologna the results shm·red that the betani n pigment \\'as more 
stable than the cured meat pigment. He suggests uses for the betanin in 
meat products and meat analogs and foods \vith a pH betw·een ).0 and 7.0 
'Mhich are subject to limited heat treatment. 
Van Buren et al (1974) examined the anthocyamin plant pigments and 
Von lHbe (197L1=) examined the colour stability of bctanin ｡ｦｴ･ｴｾ＠ Von Elbe 
and Maing ｾＱＹＷＳＩ＠ found that betalains are possible food colourants in 
meat substi t.ut.es and sausages • The plant pigments were found suitable 
for foods '"here pH was bet\·men ｬＮｾＺＮｏ＠ and 6.0 and ｜ｙＢｨｾｲ･＠ heat processing \'las 
minimal. The use of betalain in hamburgers \'las found to be satisfactory · 
. because the beet colour faded on cooking, giving the accepted brm\rn 
colour, of cooked meat. 
1 •• 
I 
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Sausages were made with betanin and no nitrite and had a colour close 
to that of n. cured sausage. Von Elbe et al ( 197lx ) indicated that 
betalain pigTTients \·muld give a ｳ｡ｴｩｳｦ｡｣ｴｯｬｾｹ＠ colour to a sausage should 
nitrite and nitrate be prohibited. 
References to these plant pigments ｳｨｭｾ＠ that they are not heat stable; 
and therefore they \·muld not be sui table colouring matters for luncheon 
meat, where an essential property of any ingredient is that it \vill 
stand up to the heat process. 
\vork has been carried out on animal blood pigment. (Nartin and '·!alters 
1969). Sair (1960) patented a ｾｬｯ｡､Ｍ｢｡ｳ･＠ red colouring matter which he 
found useful in colouring and enhnncing the red colour of comminuted 
meat and fish ｰｲｯ､ｵ｣ｴｳｾ＠ and for imparting a red colour to vegetable 
protein products.. Zeigler (1963) patented a method to convert red 
b'lood cells into a dry pm\·der \'.'hich '"'hen dissolved in ,.,a tcr gave a red 
solution. A Dritish Patent of No. ＱＮＲＹｾＮｾＱＵ＠ (1972), described a red 
pigment, carbo:x.yhaemoglobin, obtained from pig's blood and carbon 
monoxide, as a colouring for sausageso 
.. 
( 
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CIIAPTEH L1: 
ｾＮＰ＠ The Perception and Measurement of Colour 
\vhen judging the acceptability of the colou:r of food, it is necessary 
to refer to the colour by some standard tentinology, nnd thus nvoid 
confusion. It is therefore essential that methods of measuring colour 
should be established, and colour values or terms obtained for the 
colours in question. These colours ｾ｡ｮ＠ then be used as an indication 
of the food's acceptability, asswning other appearance factors are 
constant o 
A study of the literature revealed that thnre were many \vays of expressing 
colour in different systems of· units which had to be considered anct 
compared, and the suitability of each Has assessed for the ｰｲ･ＺＮｾｳ･ｮｴ＠
problem. 
Before colour measurements could be carried out, it 'vas important to 
fully understand the phenomena of colour, its perception, by the eye 
and interpretationa 
ｾＮＰＮＱ＠ Colour - Its Nature and Perception 
Colour perceived by the observer depends on the quality and quantity of 
light entering the eye. Light is a form of energy radiated as a trans-
verse harmonic electromagnetic vibration over a frequency range bebveen 
14 14 
ajout ｾ＠ x 10 and 7.5 x 10 ｾｰ･ｲ＠ second and the eye is most sensitive 
io light in the middle of this spectrum (green) • 
... 
The electromagnetic ,.,ave theory is used for the calculation of the loss 
of light by reflection in terms of the refraction index of the medium 
at '"hich the reflection takes place. 
A colour of a compound can be associated ''lith the molecular ｳｴｲｵ｣ｴｵｬｾ･＠
of the agent responsible for the colouration of the sample; which in 
foods is usually of an organic nature. Theories relating to colour 
constitution began in 1876 with Witt and later developments in the 
spectroscopic techniques led to the realisation that all compounds 
absorb ｾｩｧｨｴ＠ but coloured compounds absorb in the visible region. 
-----· . 
The Percention of Colour . __ ...,._ ... _ 
In nature plant and animal tissues contain pigments '.dlich give them a 
characteristic colour, the green chlorophyll of plant tissues, the red 
myoglobin and haemoglobin of animal tissues, the orange carotcnoids of 
plants such as carrots, etc. 
Man has become conditioned to recognising his food according to these 
｣ｯｬｯｵｲｳｾ＠ Our eyes have the ability to discrimin.c1.te differences in shades 
of colour to such an extent that if two meats are presented tonether, one 
being slightly brm,'ner than the other, then one may be rejected as being 
less acceptable (Hood and Hiordan '.19?3). However, colour memo:.:y is 
unreliable and if the bvo steaks are presented separately then larger 
differences in colour \vill be accepted. 
The essential function of the eye is to impart to an observer knmvledge 
about the external world (Wright 1958). 
All objects usually reflect or radiate some measure of light from the 
visible spectrum, and it is through the eyes sensitivity to these 
radiations that it has acquired its ability to see. 
Sensitivity to different amounts of light allows distinction between 
object and background. Sensitivity to quality or wavelength of light 
gives colour perception and thu ｣ｯｭｾｩｮ｡ｴｩｯｮ＠ of form vision, contrast 
•perception and colour vis ion leads to the recognition of surface 
texture. The eye is also sensitive to movement and has perception of 
depth. (Holmes and Chamberlain 1972) .. 
On the basis of previous experience, the brain interprets the infonnation 
received from the eye into detailed knowledge about objects 'd thin the 
field of vie\\?o This ｬｾｮｭｶｬ･､ｧ･＠ is co-ordinated wi i:;h the information 
derived through other ｳ･ｮｳ･ｾ＠ organs to form a perceptual pattern forming 
the basis of subsequent thought and action. (Dunker 1937) o 
Colour is one of a number of qualities that go to make up this pattern 
and the colour sensation of which the observer is aware is a function of 
the physical quality of ｴｨｴｾ＠ lJ_,q_ht, the ｰｨｹｳｩｯｬｯｾｊｩ｣｡ｬ＠ processes in the 
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retina and brain and the psychological interpretation of the physio-
logical response, modified to a lesser or greater extent by the 
association with other characteristics of visual sensation and with 
other non visual aspects of the perceptual pattern.. The ultimate 
colour perception is mentally projected into the external lvorld and 
regarded as property of the object in viewo 
The bearing that the total amount of light has on the quality and 
magnitude of the sensation is rather complex., Changes in the amount 
of light may. occur under three distinct conditions in v,rhich the 
corresponding changes in visual appearance are not absolutely identical .. 
Fo:- self luminous objects, the greater the intensity of the source, the 
greater its luminosity (Judd 1952, Padgham '1966).. The change in 
appearance of a diffusely reflecting surface lvi th change in illumina-
tion level is small. If the reflected light here is reduced by 
blackening, as in the case of a \·lhite surface blackened to one tenth as 
effective a reflector, the surface lvill appear grey. Yet if the illu-
mination is reduced to one tenth, it l'lill still appear white .. 'rhus the 
psychological effect is derived from the knowledge tha.t a surface and 
not a self luminous object is being Yimved. 1fhis is a very important 
part in recognising and identifying· an object in the field of view, and 
has become a biological vital factor of life and the progress of the 
human race. (Billmeyer and Saltzman 1966). 
The lightness and darkness of a surface thus becomes an integral part 
of colour and the ultimate colour perceived is a compound of both the 
Ｎｾｵ｡ｬｩｴｹ＠ and magnitude of the sensation. (Townsend 1969). The spectral 
< 
power distribution of the illuminant has a significant effect on the 
object 'l s ·colour (Cra\vford 1959 and 1963). 
The structure and functions of the eye are described in numerous text 
books. The light receptors are the rods and cones situated on the 
retina. 
The rods respond to very small amounts of radiant energy vd th a maximum 
· sensitivity at 510 mu and yield achrqmatic or neutral colour percep-
tions, ',.,bite, grey and black. (NacDougall 1968). 
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The cones give a perception of chromatic colour due to three types of 
receptor (LeGrand 1956), sensitive to ｳｨｯｲｴｾ＠ medium and long 
v.ravelengths o 
It is thought that this info:nnntion is transferred by cells of the nervous 
system to give colou11 as a function of four components, reut yellm\r, 
ｧｲ･ｾｮ＠ and blueo This is done by three types of opponent pieces of infor-
mation, received from the ｫｮｭｾｬ･､ｧ･＠ .of the eyes response to red, 
green and blue lighto The responses obtained from the brain are lightness-
darkness, yellowness-blueness and redness-greenesso Thus an appreciation 
of lightness and darkness is incorporated into the perception of colour 
in terms of red, ye] lm'l, green and blue. 
ｾＮＱＮＰ＠ Visual Colour Terms 
It is possible to take a tnnnbnr of coloured counters and methodicall)r 
arrange them into some ordero Out of the :r.ange of colours there is a 
group of achromatic colours, \'lhi tes, greys and blacks; ,,•hich can be 
arranged in order from the purest white through a range of greys into 
the blacks. It is also possible to divide the colours into the reds, 
blues, greens and ｹ･ｬｬｭｾｳ＠ and different shades betweeno It is then 
possible to arrange these groups in an order; for excunple from a pale 
blue to a mid blue to a deep blue and this provides an orderly arrange-
ment of colours as one sees them, and hence gives visual scales for 
colour. 
It \'/as upon this approach that f'.1unsell ( 1929) developed his book of 
ｾｯｬｯｵｲＬ＠ and colour solid. In his system he describes colours in tenns 
of hue-, value and chroma. (Huns ell 1967, Nickerson 19lt6, 19'?6). 
Hue is the first characteristic of colour that the eye distinguishes, 
red, green, blue, etc. 
Value describes the lightness or darkness factor 6f a colour, ranging 
from white through grey to hlacko 
Chroma'describes the difference in colour strength, and distinguishes 
a brilliant crimson red from a '''cnk greyish-red of the same hue and 
lightness. 
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4.1o1 Colour Srecification 
There are many s)rstem.s of specifying colour, but the most recent work 
involves splitting any colour into its component colours (red, yellm.;, 
green and blue) and also lightness and darkness. This information is 
obtained from colour measurement results by colour difference 
equations. (Jaekel :1.973) .. 
There are many types of colour difference equations and although none of 
them give a perfect fit to a visual solid, certain of them are very 
close. (Coates 1972, Coates et al 1972 (a), (b), and (c)). Hunter 
( 1911:2) developed one of the first mathematic a). models of this type and 
although his system of measurement does not fit as closely to the visual 
solid as later colour difference equations, it has great historical 
significanc<:> in that he developed the system before colour vision 'vas 
ｦｾｬｬｹ＠ understood and before the mechanism of opponent colour information 
,.,as accepted. Hunter developed and bui 1 t trist:imulus colorimeters, into 
\'lhich he put a facility for his system of measurement. 
The units of measurement on the Hunter instrument are L, a and b. 
L is the lightness-darkness component, a is the redness-greeness compon-
ent and b the yellowness-blueness compenent. If two colours are compared 
tan -l a/b sho,,rs difference in hue and S:::.J a 2 + b 2 gives a difference 
in saturation of the colours. (Little 1975). ｾ＠ E, the total colour 
､ｩｦｦ･ｲ･ｾ｣･Ｌ＠ is also given by mathematical treatment of the results and 
ｾｩｶ･ｳ＠ total colour difference. (llrooks 1973). Hunter has since up dated 
his system to give a better mathematical model for colour nnd the prin-
'ciple is applied in many instruments and colour difference equations. 
Ｈｈｵｮｴ･ｾ＠ 1958, ,Jaekel and ｜ｾ｡ｲ､＠ 1973 (a), 
The problems of measuring the colour of a substance led to \ll'ork by a 
number of different people (\friuht 1969, ｈｵｮｴｅＺｾｲ＠ :l958). Each developed 
his mm approach and instruments and -as a result a ntm1ber of instruments 
are available \vhich are built upon the dif.fering ideas nnd give the 
colour data in different units. 
- ·· 
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Available Techniques 
.,.. 
I Subjective Assessment using Viewing ｐ｡ｮ･ｬｳｾ＠
II Qbjective Assessment 
{a) Visual Colour r-latch.ing 
{ 1) standards .e.g. Hunsell 
(2) discs e.g. Nunsell, Ha)..'\'lell 
(3) lights e .. g. Lovibond 
(b) Automatic Colour Matching 
(1) ｴｲｩｳｴｾｮｵｬｵｳ＠ colorimeter eogo Harrison 
(2) instruments for specific products ｣Ｎｾ＠ .. tomato, 
citrus colorimeters 
(c) Spectrophotometers 
(1) abridged 
(2) non recording 
(3) recording 
(d) Complete Systems 
(1) tristimulus colorimeter with calculator or mini 
computer 
(2) spectrophotometer with computer 
Lt.2.1 Colour Neasurement of Luncheon Heat 
Colour and appearance of food play a vital role in acceptability; yet 
it is only recently that colour definition and measurement have been 
applied to food situations. The \vay · in which colours are expressed 
depends to some extent on how the colour is measured. There are 
numerous methods of measuring colour of varying degrees of sophistica-
tion but not all applicable to food. ｾｮ＠ this section, the different 
\'lays of e:>..-pressing colour are examined, and the various instruments 
｜ｾｨｩ｣ｨ＠ are available for measuring colour are considered for use with 
luncheon meat. 
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Franc is and Clydesdale ( 1975) have surveyed methods of measuring colour 
in many types of food. Nackinney nnd Little (1962) in their book 
'Colour of Foods 1 discuss all types of colour situations encountered 
\'lith foods. 
4.2.2 Measurement Conditions 
With all colour ｭ･｡ｳｾｲ･ｭ･ｮｴ＠ methods, standard conditions are necessary 
in order to obtain uniform results. (Larmond 1973). 
For visual appraisal or instrumental colour measurement it is essential 
that standard illuminants are used as the colour of a sample i& 
dependent on the properties of the incident light reaching the ｳｾＢｬｭｰｬ･＠ (Hoke & 
Davis 1970, Ramsbottom 1951, Narriott 1967). Reflected or transmitted 
light leaving the sample '"'ill have a characteristic colour due to 
modification of the incident light by the sample. Variation in the 
spectral characteristics of the incident light \dll alter the spectral 
characteristics of the reflected or transmitted light, and accordingly 
the observed colour of the sample will be different. 
The Commission Internationale D 'Eclairage has reconunended the use of 
four illuminants for use in colour measurement. Illuminant A is a 
tungstem filament lamp representing artificial daylight; Illuminant B 
represents direct sunlight; Illuminant C represents average daylight 
, 
and Illuminant D is a theoretical illuminant representing the bluish 
light typical of daylight in ｴｾ Ｇ ･＠ Northern Hemisphere. · Artificial lights 
,:yere chosen \vhen setting a standard because natural daylight is so 
l 
variable depending on the climate, weather conditions, etc. 
To enable standard viewing.· conditions, light boxes are frequently used, 
into \'lhich the samples for assessment are placed, and appropriate 
standard light sources fixed to the box are selected and used. A con-
stant intensity of light received on the sample surface s .hould be 
maintained. British Standard 950 Part 1 recommended illuminants and 
specifications for viewing _panels. 
' It is essential that standard angles of incidence on the sample and 
reflectance from the sample are used·. Diffusely reflected light at 
i 
45° includes the characteristic colour components.. At other angles of 
reflection, specular reflection or gloss effects are observed which 
cause interference in colour measurement. 
Idealiy, flat plana reflecting surfaces are required for colour measure-
ment, but this is seldom found \d th foodstttffs o However, the general 
presentation of the sample to the observer or instrwnent should be 
standardised, lhe d{stanc e of vim'ling kept constant and the intens i. ty of 
illuminant also constant. 
4.3.0 Visual Assessment of Colour 
One of the commonest methods of rileasuring the colour of foods is the use 
of panels of observers \vho describe the colour they see and aJJply some 
system of colour description, or colour grade or score. The panel should 
consist of people ,.,ri th nonnal colour vision, 'vho have been trained for 
the purpose. Colour defectives are eliminated from the panel following 
standard colour vision tests, such as the Ishihara test (Padgham 1966, 
Yoke 1973, Fletcher 1972). This is important as approximately ＸＹｾ＠ of the 
male population have colour deficiencies. 
Hargarty (1969) used a randomly selected viewing panel to score the 
colour of commercially imported pig muscles under standard vimvinu con-
ditions. The variation in scores between different observers for a 
given muscle ｜ｴｾ｡ｳ＠ highly significant and it '"as shown that trained panel 
members lvere more reliable than untrained ones. However, no correla-
tions were found between the degree of red-green colour blindness and the 
'accuracy of observers in duplicating their colour scores. There \vas no 
difference_ between men . and women in scoring accuracy, but a high content 
of intra muscular fat 'marbling' appeared to reduce the scoring 
accuracy and led to variation of scores between muscles. 
Elliott ( t969) carried out sensory mraluations on meat colour \-lhich he 
compared \'lith instrumental results. Ten members 0f his laboratory staff 
were screened for colour blindness defects with test cards. Bach grader 
,-performed tests individually in the ｳ｡ｾｴ･＠ order without knowledge of the 
previous graders scores, or instrumental readings. The sample \-las 
placed in a cabinet and scored as being acceptable or unacceptable in 
colour lightness. .\fter the first. Ｇｾ･･ｫ＠ a memory test \vas included in 
,.,hich the samples were randomi-sed and placed individually in the 
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cabinet and the observer asked to grade each sample from ＱＮｾＺＮＵ＠ to 6o5 
based on the memory of the previous ｜ｾ･･ｫ＠ 1 s standards.· 
An excellent revie'" of methods used in sensory assessment \vas given by Amerine 
et al (1965) including panel selection, testing environment and the 
statistical approach to treatment of the results • 
. Mackinney and Little ( 1962) outlined the conditions necessary for 
adequate visual appraisal of colour of foods including colour apptitude 
of panel members, panel size and training, light sources, vie,dng con-
ditions, standards and methodology of sample evaluation. Nickerson 
(194:6) mentioned visual assessment methods, and described Nunsell disc 
colorimetry in detail. Griswold (1962) discussed sensory methods of 
colour assessment and gave details about panel selection and other 
_) 
aspects. Irving and Hoover (1965) discussed appearance and visual 
characteristics \vhich affect acceptability, nncl mentioned the use of 
photographs for use in visual appraisal of foods. 
ｾＮＳＮＱ＠ Colour Scales 
Colour terminology and scales are required for visual assessments. 
:Hany authors have developed their mvn systems, and Government grading 
scales in operati_on are also very varied. The United States Department 
of Agriculture Quality Grading Standards 1965 included descriptions of 
meat colours but these are open to 'dde variations :i,.n interpretations. 
The Committee of the Colour Group ( ＱＹＱＮｾＺＸＩ＠ discussed colour terminology. 
_They listed nnd explained many subjective terms for colour, '"'hich \fere 
•.then compared to terms commonly used in the objective measurement of 
colour:, 
Allen (1949) described the ideal beef colour as 'cherry-red' but since 
people differ in ｴｨｾｩｲ＠ individual response to visual colours they will 
also differ in ·their interpretation of subjectively defined terms for 
colour (Billmeyer and Saltzman· 1966). Nickerson ( ＱＹＱＮｾＺＭＶＩ＠ quoted the 
following terminology to describe the colour of beef:- dark pink, very 
,·light cherry red, light cherry red, slightly dark cherry red, moder-
ately dark red, dark red and· very ､｡ｲｾ｣＠ red. She described beef fat as:-
'"hi te, c::reamy white, creamy, slightly yello''T, yellm'l, very yellmv, or 
fiery. 
-..,. 
Colour scales for meat are varied to suit the purpose of the study; 
for ･ｸ｡ｭｰｬ･ＬＮｍ｡｣ｄｯｾｧ｡ｬｬ＠ (1972) found he required a nine point scale to 
score moat col0ur, Hegarty (1969) required a seven point scale to score 
pig muscle, }(arriott (1967) required a five point scale for meat colour 
and Kernr> ( l97Lr.) required only a three point scale to assess hams \<!here 
3 == reel, 2 = light red and 1 = dark pinko 
ＱＮｾＺＮＳＮＲ＠ ｾｬ＿･｣ｩ｡ｬｩ｟ＮＧＵ･､＠ Panels 
The eye normally sees its environment and obtains an overall picture, 
noting contrasts, shades of colour, shapes and aspects of general 
appearance. \ifi th training the eye can be used to judge what components 
make up a particular colour, and highly specialised panels \\"ere used 
for this type of visual assessment of colour (Hunt 1976). The units 
used by the panel corresponded to instrtunental datao 
l.1a 3. 3 The Use of Standa.rds 
Although the eye is said to differentiate about seven million reflected 
colours and notices very small differences in colour the observer finds 
difficulty in expressing ,.,hat is seen. Colour memory of fine detail is 
unreliable and from one viewing to the next the observer cannot give 
standard results. Hmve\rer, if a standard coloured object is used to 
provide a base for colour judgement, then better results are obtained. 
In real life the eye automatically uses familiar every day objects for 
a basis of comparison, green grass, brmvn "mod, etc. Standards can be 
easily mn0e, such as strips of paper of nn appropriate colour for the 
task. Commercial standards are also available, paint charts are a 
familiar sight, as are carpet and material samples etc., but it is 
important that the standards are calibrated and measured by some 
instrumenl.al means. (Gormley 1975). Simmons and Rixson .< ＱＹＷＱＮｾＺ＠ (a)) 
recommended the usc of standard charts to measure meat and fat colour. 
4o3.4 . Fixed Colour Scales 
Optimum colour and tolerance limits may b8 given colour values of the 
standards used, and it may be possible to set the whole colour scale 
·using sui table standards o '.l'his is better t.lmn using a memory scale 
since ttw observer merely has to match the sample to the nearest 
standard, rather than judge ho\·r many scale units away he thinks it to 
be. Since it is uneconomical to ｰｲｯ､ｵ｣ＨＮｾ＠ a commercial set of standards 
37 
containing evel)r colour, the sets are found to have only a fe,., thousand 
representative colours •. There are large gaps between ·shades of the 
colour standards and colour scales set using these standards have 
necessary limitations. 
For this reason Gormley (1975) recommended that sets of colour charts 
should be made to suit the samples and purpose of the colour assess-
• 
ment. The charts are calibrated by instrumental assessment. · rlany 
types of commercial standards are available:- The Ridg,.,ay charts, the 
ｾＱ｡･ｺ＠ and Paul Dictionary of Colour (Nickerson 194:6), the S,.;edish 
Colour System (Judd and Nickerson 1975). The most famous and widely 
used is the Munsell Colour ｓｹｳｴ･ｾＦｬ＠ and it has frequently been used to 
measure the colour of food (Hackir.ney and Little 1962, Southcott 1968). 
. ) 
4.3.5 Standard Discs 
Appropriate colour standards are set into a disc \'{hich '"hen spun sho\iS 
the colours blended together, and this can he chosen -to represent a 
particular colour. The cards are circular and have a radial split 
enabling them to be overlapped and a portion left exposed. These fit 
on to a rotating shaft which spins the samples at a speed '"hich shows 
one uniform colour. Stroboscopic effects may arise if the speed is 
incorrect. For non homogenous samples the sample may also be spun on 
a similar shaft and the two 'overall' pictures compared. 
Hunsell disc colorimetry has been used to measure the colour of foods 
on many occasions. (Romans et al 1965, Haas and Rratzler 1965, 
•jeremiah and Carpenter 1972, ｒｯ｢ｾ｣ｨ＠ and Costillow 1961, Butler et a! 
1953)·.;,. 
4.3.6 Visual Colorimetry 
The visual methods tiescribed, have involved the use of an observer '"ho · 
vie\o/S the sample under nonnal type of viewing conditions, but in visual 
colorimetry, the observer vie,vs the sample using an instrument. The 
standards are obtained by · the use of lights and filters in the instru-
.· ment, and the observer makes the colour ｭｾｴ｣ｨ＠ by comparing the sample 
colour• as he sees it in the instrument, to the standard colour, ,,•hich 
he can adjust by the instrmnent controls. The standard colours can be 
｡｣ｨｩ･ｶ･ｾ＠ by either of' two systems. In the first varying.proportions of 
- · · 
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three coloured lights (red, green and blue) are mixed to give a colour 
match by additive colorimetry (Donaldson 1947). The second system is 
to use a constant lvhi te illumination but to subtract portions of red, 
green and blue light by the use of the corresponding filters, magenta, 
yellm'l and cyan. This system is subtractive colorimetry. The colour 
of the standard is expressed in units on the instrument according to 
the· lights and cplours used to make the match, either units of red 1 
.green and blue light' or the combination and numl>er o.f filters used. 
Although additive colorimetry is ｣ｯｾｵｯｮｬｹ＠ used for photoelectric 
colorimeters it is not no\v common in visual colorimeters. Subtractive 
colorimetry is rare except in a ｳｾｴ＠ of popular visual colorimeters, 
the Lovibond instruments. (Chamberlain and J olles 1972). 
) 
4:.';1. 7 Objective Colour Neasurement 
｜ｾｨ･ｲ･＠ only a rough colour comparison is needed and only a ·fe,,r samples 
are to be measured visual methods are suitable but if many samples are 
to be measured, such as in quality control work, then automatic instru-
ments are essential, giving [\Ccurate and comparable results. 
Gormley ( 1975) noted the need :for calibrating objective methods 'd th 
visual panels as .it is important to relatP. the spread of values 
__ .obtained l'li th an objective method to the visual spread from the panel. 
If a panel considers that there is a large colour di;fference betlreen 
Ｎ ｴｾＧｬｯ＠ samples it is important that this also shm'ls up as a large 
.difference in reading on the instrument. Dessrosier ( 1954) commented on 
';f.he need for instrumental rather than visual colour grading in the food 
ｩｮ､ｵｳｴｾｹ＠ and found that visual grading of food for colour was dependant 
upon the grader's ability to perceive colour differences and his judge-
ment of the equivalence of colour o:f the product to the grade require-
ment in question. 1-le found that this ability was subject to :fatigue 
and was influenced by lvorking conditions. Colosie & B...-eese (1973) found that 
visual grading of apple skin colour ,.,as not sa tis :factory. They found 
that the judgement of ｣ｯｬｯｷｾ＠ 'vas an .opinion '\ihich ,\•as susceptible to the 
influence of both environmental and personal factors which affected the 
human ｾｨｩｬｩ＠ ty to perceive col. our 'd th day to day accuracy. They found 
such factors included health, fatigue, eye strain, colour sensitivity of 
the eyes and samples conditions such as surface gloss and glare, colour 
·distribution, quality of the·-aml>ient illuminant, location and size of 
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other objects in view, the effects of metamerism and visual field etcQ 
Brearley and Breeze (1966) found that observers could not agree on a 
uniform .colour interpretation when using visual comparators as an aid 
·to colour grading. Barton ( 1967) stressed that an objective method for 
measuring colour stability of cooked cured meat to light and air is 
essential since subjective judgements of the amount of fading in a 
sample are complicated by the fact that a darker coloured sample 
' 
appears less faded than a lighter one ,.,.hen both are exposed to the 
same illumination. 
There is controversy over the change in practice from sensory evaluation 
of colo.ur to the use of objective methods. The eye and brain can tell 
if two samples are exactly alike or not, and judge small perceptible 
differences. \{here there is no \vide variation in colour, hmvever, 
opinions vary among observers concerning the extent and nature of the 
difference. Instruments give an exact measure of such a difference but 
the interpretation of the results they give are more problematic. The 
conversation of the relationship between standard and sample into some 
language which is meaningful to all concerned, in terms of colour as 
perceived is not at all easy. 
--Govindarajan (1973) (a) considered that the methodology of colour measure-
ment had been studied extensively, but ｴｨ･Ｑｾ･＠ \'las not yet a single method 
of colour measurement completely free from critic ism. He gave t\io major 
, 
reasons for the difficulty in meat colour measurement, the complexity of 
the myoglobin distribution in the muscle and the dynamic nature of the 
.:J!igment. He noted that the presence of intramuscular fat interferred 
ｾ＠
,.,i th colour measurement so that the reflectance values increased w"i th 
ｩｮ｣ｲ･｡ｾｩｮｧ＠ fat, independent of \ravelength. The arrangement of the 
fibres in the -meat surface '"hether parallel or perpendicular to the 
direction of slicing also affected the reflectance values. He made 
references to other Ｇｾｯｲｫ･ｲｳ＠ subjective evaluation techniques and clearly 
illustrated the non uniformity of the colour scales used. 
4.4.0 Photoelectric colorimeter 
The ph9toelectric colorimeter replaces the eye by a system of lights, 
ｦｩｬｴ･ｲｳｾ＠ photodetectors and electronics in \\"hich the response and 
behavior of the eye is imitated so that a match is recorded by the 
instrwnent.. Different types ·-of photoelectric colorimeter which are. 
available express their colour data in different units. 
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The tristimulus colorimeters split their source by the use of filters 
into proportions of red, blue and green light. The three beams of 
light are mixed until a match is reached. The proportions of red, 
green and blue light needed for the match are recorded. The accuracy 
\'lith which an instrument can locate a colour in C.I.Eo space depends 
upon ｢ｯＮｾｯ＠ factors:- The dominant factor i.s. the extent to \'lhich the 
source-filter-photocell combinations mntch the response of the eye for 
a given· standard ill.uminant. 'l'he second factor is the colour under 
examination, for some instruments the blues may be better spaced than 
the reds , etc. 
Brooks .( ＱＹＷｾｾＩ＠ described various features of colorit.leters. Coates ( 1972) 
discussed basic principles and procedures of ｰｨｯｴｯｾｩ･｣ｴｲｩ｣＠ tristimulus 
colorimetry and the measurement of colour and colour differences. 
Francis ( 1963) described applications of these techniques for food pro-
ducts. Yunson and Francis (1962} found that various color:imeter results 
compared favourably \d th panel assessments. Clydesdale ( :1.973) and 
Ji'"'rancis ( 1972) described applications of continuous colorimetry in 
controlling food colour. 
Certain colorimeters have ｢･･ｾ＠ designed for a specific purpose, e.g. 
tomato colorimeter for tomato products, citrus colorimeter :for citrus 
products, at.d the sphere colorimeter for sugars. (Hunter 1967, Yeatman 
1969). Steinhauf et al ( 196h) described an inst1·ument which was designed 
And built to measure the colour of ｰｾｧ＠ moat. 
4:.4.1 The Eel Instruments 
MacDougall et al (1969) used an Eel smoke stain reflectometer to measure 
variations in brightness of pig meat. The instrwnent \vas calibrated 
spectrophotometrically \vi th reference to the luminous reflection of 
standard materials and select meat sarnpleE and very satisfactory level 
of agreement beb•reen instrumental and visual assessments of the muscle 
- paleness was found in an investigation involving 251 pigs. 
4:.4:.2 The Gardner Colorimeters 
There ｾｲ･＠ many instances ,,•here the Gardner instruments have been used 
'dth foods. Batty (1968) described the instrument in detail and explain-
ed the scales used in relation to tristimulus colorimetry. He described 
the operation of the instruments,'mentioned sample presentation and.gave 
examples of the instrument 1 s use ,.,ri th tomato puree and ･ｯｦＺｦｐＮＨｾｾ＠
Snyder ( 1961!) used a Gardner AC-1 model to measure the colour of fresh 
beef. He mensured 'Hd', 'a' and 'b' values and found that the 'a' 
value gave a good indication of the meat discolouration. lie found that 
it was important to control the stox·age temperature' io control the 
area of sample from ,,•hich colour measurement readings \vcre taken and to 
hnve consistnnt orientation of sample during subsequent readings. 
Jeremiah and Carpent·er ( 19?2) used a Gardner ,\C-1 Nodel to measure the 
colour of steaks. He compared the results to other instrwnents and to 
visual methods and found the Gardner to be satisfactory. MacDougall 
and Rhodes (1972) ·used a Gardner Colour Difference Neter Hodel AC-2 in 
a study on the colour of meat frum young bulls, and ､｣ｳ｣Ｑｾｩ｢･､＠ hm'i he 
applied the Gardner scales to give the required colour ｩｮｦｯｲｮｵｴｴｩｯｮｾ＠
Taylor and NacDougall (1973) used a Gardner AC-2a instrument to measure 
the colour of beef. They calculated hue and saturation values and in-
vestigated the use of O),.'Ygen and carbon dioxide in packing the meat. 
They found that hue values increased as red colours changed to brm\"n, and 
loss of saturation 'ms observed as greyness developed. They found that 
samples packed in an oxygen and carbon dioxide mixture ｲ＼ｾｭ｡ｩｮ･､＠ red 
longer and that colour measurements shm'ied a slower increase in hue and 
slower loss of saturation, compared to control conditions. Strange ･ｾ＠ al 
( 1971.1:) me<1sured meat colour using a Gardner Colour Difference Heter and 
found a good correlation between the Gardner 'a 1 value and the meat red-
ness, and thus the acceptability of the meat. He also used reflectance 
spectroscopy but found that the Gardner 'a 1 index correlated better to 
ｾｨ･＠ hedonic scale for meat. 
4:.4:.3 The Hunter Colorimeter 
Coates (-1972) commented on the precision of results using a Hunterlab 
1'-Iodel D 25 D measuring ｨ･ｾ､Ｌ＠ and Coates et al h972 (a)) found that the instru-
.ment had excellent short term and long term repeatability with good 
ｲ･ｰｲｯ､ｾ｣･｡｢ｩｬｩｴｹＮ＠ Koivistoinen and Loukimo (1969) used a Hunterlab 
instrument for their 'mrk on the colour of Salami sausages and found 
that the Lab values ＧＧｾ･ｲ･＠ more useful than C. I.E. X, Y ,z values 
previously used. 
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Dean and llall (1960) used the Hunter 'a' value to monitor the redness 
of fresh beef .. 'rlu::y found that beef cuts possessing a:n 'a' value 
greater than 12 \\'ere an acceptable colour, a value of 10 to 12 \ias 
questionable and cuts \d th 1 a 1 values belm·: 10 were not acceptable. 
\'lod:icka ( 1956) noted that f'ading of cured meats was brought about \vhen 
measuring the meat colour on a Hunter Colo.ur Difference Heter. This 
\'las · thought to be due to the nature of the illwuinant in the instru-
ment. Hod:icka went on to use this instrument to measure the fading of 
cured meats while actually inducing the fading concurrently, and L a b 
readings were taken over a five minutes e;q)osure period. 
The use of the Hunter colorimeter for grading the colour of foods ,,·as 
described by Buck and Sparks ( 1952l, Gormley ( 1975) and Robinson ( 1951) .. 
Younkin ( 1950) found that Hunter 'a/b' related closely to the hue of 
tomato productso Francis and Clydesdale (1975) comments on the use of the 
Hunter L a b system and the calculation of hue for foodstuffs. 
ｾＮＴＺ＠ .. 4 The Colorcord Tristimulus ｃｯｬｯｲｾｵ･ｴ･ｲｳ＠
Lever ( 1968) fully described the Colorcord :f\lark IIB, the instrtunent, its 
operation, uses and its measuring unitso Examples \'lere given of its usc 
with foods including hazelnuts and tomato puree. Hutchings (1969) used 
a Colorcord colorimeter to measure tomato colour. He found that b'lo 
Coi.E. co-ordinates dominant \vavelength and luminance gave a good indi-
cation of the ripening process. 
4:.4:.5 Colorimeter and Calculator or ｾｬｩｮｩ＠ Computer Combinations 
These systems are more costly, but very labour saving, especially in a 
busy qb.ality control laboratory. (Jaekel et al 1973). At present there 
is no record of their use with foods •. 
4.s.o Spectrophotometry 
Basic Principles 
The spectrophotometer consists o:f a \'lhi te light source (often a 
;tungsten filament bulb) whose light is split into a ｳｰ･｣ｴｲｾＱ＠ by means of 
a ｰｲｩｳｾｮ＠ or a diffraction grading. A slit is used to select a small 
portion of the spectrum only a fe\'i nm. (Nanometres of \vavelength) ''/ide 
to j lltuninate the sample.. The \vavelength of ｴｨ･ｾ＠ light passing through 
the slit is varied eit.her manually or by automatic scanning to cover the 
entire visible spectrun1. .Abridged spectrophotometry is a compromise 
between ｴｨｲ･ｅＮｾ＠ or four :fi 1 ter co] or .i mE! try and ti·ue spec tr·op i wwetl-y • 
• \ series of 10-16 fil tcrs transmj_tting bonds of 5-20 nrn wide is used 
to obtain points on the spectral reflectance curve .. 
Host of the spectrophotometcrs \d1ich arc ｵｾｈ ＺＮ ｾ､＠ for colour me;tsUl'Cii1ents 
by refl ectcd light ＮＺＺｴｮＺｾ＠ equipped -.d. th integr.::t. ting spheres, so:.1e however 
0 0 ' l -0 ' . . l . t . use ｴｾ＠ v1ew1ng cont1 1ons. Spectrophotomcters can be used to obtain 
the. absolute values of the colour ｣ｯ ﾷ ｾｯｲ､ｩｮ ［ Ｍｴ＠ tes for a single sample .. 
A spectrophotometer :i.n good worl\:_ i na order need only be checked by 
measurement of one sample of knO\·m spcctr<J.l reflectance at each w.:tve-
ｬ･ｮｾｊｴｨｯ＠ \vhite standards such as Haunesium Oxide ＨｈｾＱＰＩ＠ 1 Hagncsium Car-
bonate (HgCO ) , Barium Sulphate (BaSOl) and ｾｯｭ･＠ corruuerciully produced 3 - 1 
are ｵｳ･､ｾ＠
Spectrophotometers measure percentaae reflection o:f light at each \\'a-.r.e-
length, und hence a spectral curve :i.s obtaine d. F'rom this basic data 
many colour computations can be CC::llTied ou.ta The calculations of 
colour co-ordinc:ttes are lengthy and modern spc•ctrophotometerE> have a 
system of feed out for use in a ｣ｯｮｾｵｴ･ｲｯ＠
Kraft and ｾ｜ｹＡａ･ｳ＠ (1954(b)) studied ｣ｯｬｯｵＱ ｾ＠ fadinn in Bliced packed Bologna 
and took re.flectance measurements at G50nm and 570mn as col our measure-
ments \\'"hich compared \vi th panel ｡ｳｳｾＺＺｳｳｭ･ｮｴｳＮＮ＠ \-iodicka ( 1956) used a 
Beckmnnn DU spectrophotometer to measure tl:e colour of cuTed meats 9 and 
Naughton et al ( 1957) carried out spec tra_l ｮｾｦｬｲＺＡ｣ｴ＼Ｎｵ Ｇ ｩｃ･＠ studies of 
pigments using an instrument o-f' the same model.. Elliott ( 1963) ､ｩｳ｣ｵｳｳﾷｾ＠
ed methods of calculn.tin9 and presenting pork muse le co lou!' from reflcc-
.. 
I 
tance spectrn.o He examined four methods _of calcuJ.aLion ｦｯｬｾ＠ the 
conversion of reflectance spectra to ｃＮｉＮｬ ｾ Ｎ＠ colour spaceo 'l'he C.I.lD. 
co-ordinates of the pig muscle were confined to the square urea defined 
by 0 .. 30 to o .. Lto x and y.. Dominant wavelength ｾｬｮ､＠ purity ,,•ore calculated 
and the Nunsell system exi:l.mined so thu.t results from each system could 
be interconverted. 
Cord & ''lesdorp (1971(b)) measured the refh-:ctance ｾｰ･｣ｴｲ｡＠ of beef slices on 
··the Unicam SP 800 '"'i th the SP 890 Hcflec tn nee at tacbment o He scanned 
from lt00-700 nm and found that the difference in absorption at 580 nm 
and 630 run, \Vf.\S li ｮ･｡ｬｾｬｹ＠ related to the proportions of myoglobin and 
oxymyoglobin in the meat surface. He found a significant corre1at·ion 
bet\'r"een the oxymyoglobin content as determined from the spectra and 
subjective colour scores. The point of changeover from acceptable to 
non-acceptable occurred when the meat surface comprised approximately 
ＵＰｾＶ＠ oxymyoglobin. Greene (1971) measured the percent metmyoglobin 
present in meat by reflectance spectroscopy and ｾＱ｡｣ｄｯｵｧ｡ｬｬ＠ (1971) 
stlJdied the colour and appearance of bacon using these techniques. 
Setser et al ( 1973) ·used reflectance values at various "''avelenpths to 
calculate K/S ratios and examine the effect of light on bovine muscle 
colour. Fox ( 1975) used a Cary 11.1: spectrophotometer equipped ,.,i th a 
microspecular accessory, to record the rf!flectance spectra of Frank-
furters during his study on the 2ffect of substitution of nitrite by 
pyridine derivatives in curing. He bleached the cut surface of a 
Frankfurter '"'i th 30% hydrogen peroxide to produce a reference 
standard. He found that reflectance ｳｲＮｾ･｣ｴｲｯｰｨｯｴｯｭ･ｴｲｹ＠ ,.,ras a useful 
tool in corroborating visual observations and identifying specific 
pigments. 
Reflectance spectra were used to study meat colour by numerous ,.,rorkers:-
(Erdman and Watts 1957, El ｂ｡､｡Ｌｾｩ＠ et al 196!1, Elliott 1967, Charpentier & Verge 
1967, Zimmerman and Snyder 1969, Clydesdale and Ji'rancis 1971 (b), 
Uchman et al 1974) • 
.. 
I 
-----· . 
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CHAPTER 5 
Experimental ｔ･｣ｨｮｩｱｾ＠
5.1 Small Scale Nanufacture of Luncheon Neat 
5.1.1 · Preparation 
Ingredients 
To ensure a smooth operation, it ,.,as important to prepare all of the 
ingredients and equipment beforehand. The day prior to that allocated 
for making luncheon meat, the dry ingredients ｾＬＮＬＮＮ･ｲ･＠ made up and weighed 
out into the correct amounts for each batch. The dry ingredients in-
cluded farina, seasoning, curing salts and permitted colouring matter; 
and ｜ｾ･ｲ･＠ kept tightly sealed and clearly labelled ｵｾｴｩｬ＠ required. 
The meat \tfas received from the factory on the afternoon before the day 
of manufacture. The meat and fat \Y'ere trimmed and cut into one inch 
-cubes. The ·pH o:f the meat \'las taken (Section 5.5), the meat and fat 
were weighed out into the required quantities, put into plastic bags, 
and stored at 5°C until use. If frozen fat \'las used it \\'as left to 
0 
tha\v at 5 C .for twenty four hours before use. 
The \'later/ice mixture was made up and \'leighed out immediately before 
the chopping procedure, and used to dissolve any permitted colouring 
matter.Details of equipment and ingredients are in Sections 5.7.1 ｾ＠ 5.7.2. 
5."1.2 The Nanufacturing ｐｲｯ｣･ｾ＠
A 20lb "Huller bm'll chopper ＧＧｾ｡ｳ＠ used for making 10lb luncheon meat 
batches. A chopping ｰｲｯ｣･､ｴｵｾ･＠ 'vas selected from Appendix 5. 7 • .3. The 
order of addition of the ingredients to the bm'll chopper ,.,as carefully 
controlled, and chopping \'las accurately timed for fast and slm'l speeds. 
A \·•hi te plastic spatula was used to scrape dmm the bmvl and its lid, 
to ensure even distribution of ingredients during the process. After 
chopping, the mix \'las transferred to shallmv Ｌｾﾷｨｩ＠ te plastic trays to a 
thickness of one inch. The trays '"ere placed in the Korimat, and a 
·vacuum of thirty inches of mercury l\"as applied for fifteen minutes, to 
remove air from the mix. 
The mix. \'las then transferred to a sausage filler and extruded through 
I 
the nozzle into eight-ounce cans., A. head space of approximately !" 
----
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\'las left after smoothing do\in the mix in each can. The 1 id \ms fitted, 
the cans wiped clean and labelled. The lids \\'ere double seamed on to 
the cans, \'lhich were then placed on \ride metal mesh trays and put in 
the retort. Approximately 500 cans could ｢ｾ＠ held in the retort and 
heat processed together. 
5.1.3 ｾ･ｴｯｲｴｩｮｧ＠ Procedure 
Temperature probes were inserted into several of the cans to determine 
the efficiency of the heat process. A chart recorder \vas used to give 
the internal retort temperature. After the trays of cans had been placed 
in the retort, the retort lid \'las firmly closed, and steam \'las blo\m 
through the retort for ten minutes with all the ｡ｩｾ ﾷ ｶ･ｮｴｳ＠ opened to 
expel the air. The air vents \'/ere then closed and the pressure 
allO\'led fo rise to 10 pound per square inch at \\'hich it \'las maintained 
for the duration of the process. The temperature of the probes ,.,as 
monitored and an Fo value \'laS calculated (section 5.7.4).The cans \\'ere 
heated sufficiently to give an Fo value of 1. This corresponded to 
maintaining the retoi:.t temperature at 2lt0°F for one hour, before cutting 
off the steam supply. As the steam supply was halted pressure in the 
retort \'las maintained at ten pounds per square inch by compressed air. 
After ten minutes· it was asstuned that the steam had been replaced by 
air, the air SUpply \'laS turned off and cold \vater \\'aS run into the 
retort, to cool the cans. The correct pressure was maintained by 
adjustment of the air vent taps. \ihen the retort \1/as full of \vater, 
the air vents \'/ere fully opened and the ｾｲ･ｳｳｵｲ･＠ released. The retort 
was then opened and the cans allowed to cool to room temperature. Th3 
\vater \'l'as drained and the cans ｲ･ｭｯｶｾ､Ｌ＠ dried. and stored. 
As the heat process given \'/as only knmiTn to be safe for luncheon meats 
containing nitrite, those without nitrite ,.,ere stor·ed at 5°C. The 
luncheon meats containing nitrite were stored at room temperature. 
5.2 -The Assessment of Luncheon Heat Acceptability by Panels 
An_experienced panel of ten members made up from staff of the Food 
·Research ａｳｳｾ｣ｩ｡ｴｩｯｮ＠ \'/aS used to assess the acceptability of all of 
the luncheon meats. 1'he panel consisted of five females and five 
males \vhose ages ranged from 20 years to 50 years. ;\dditional tests 
· w·ere cafried out using an untrained panel of 20 members made up of 
47 -
staff and students from the Department of ｈｯｴｾｬ＠ and Catering Hanagement 
at Surrey University. Further assessments \'lere carried out using a 
panel of 10 students from Surrey University who \vere studying food 
science and ,.,ho had had e>...'J)erience of panel tests. All panel members 
-were screened for colour vision defects using the Ishihara tests. 
5.2.1 Etandard Vie,.,ing Conditions 
Viewing conditions \iere standardised for all panel ,.,..ork. Lighting \'las 
controlled as suggested in British Standard 950 part 1. A light box 
was used in which illtuninant A \ias represented by ＮＺ ﾷ ｾｲｴｩｦｩ｣ｩ｡ｬ＠ Daylight 
fluoresc.ent tubes supplied by Atlas. The samples ,.,ere placed on the 
floor of the box illuminated at 90° and. vie\ved at 45°, to ensure that 
diffuse and not specula reflection \vas observed. The distance of · • 
vie\"ling \'las also standardised. 
Samples \'/ere cut into 2" squares to prevent the panel from 
distinguishing oblong conunercial samples from round laboratory prepared 
samples.. The samples \"lere vacuum packed to minimise fading and a 
freshly prepared standard sample (Plumrose) was included in every vie\'l-
ing session. Vim'ling times of mid-morning or mid-afternoon \'lere 
chosen. 
5.2.2 The Use of Questionnaires 
A series of vie,dng forms or questionnaires, \vere prepared 0-nd designed, 
to ask suitable questions about the acceptability of a set of luncheon 
meats. It \'Tas found that separate new forms had to be designed for 
various aspects of the study. Examples of the forms are given in the 
Appendix. (Section 5.7.5) 
Eleven Acceptability' or Preference Forms \'/ere used. Form 1 was a 
Pe-rsonal Preference Evaluation using a seven poinf hedonic scale, 
enquiring about five aspects of sample acceptability of appearance, 
colour, smell, taste and texture. Only the first t\'lo ｡ｳｰ｣ｾ｣ｴｳ＠ were 
studied here. Form 2 \'las ·a General Acceptability Assessment Form 
·using a 5 point hedonic scale. Form 3 '\'las used to assess colour, fat 
and meat particle size and general appearance using a five point hedonic 
scale. Form 4 \ias a 'Choice ·of Category Form 1 '"'hich asked the panel to 
l . 
write the codes for the samples ｩｾ＠ the squares on the form, a five point 
horizontal scale indicated the acceptability reading, for four 
categories in a vertical line. Fonn 5 was a fou:r category ｰｲ･ｦＨｾｲ･ｮ｣･＠
form \o:here the panel '""ere asked to dec ide \\"hether the colour was 
average, too pink or too little pin.k, the meat and fa.t particles too 
large, too small or average and the appearance too homogeneous, 
average or too heterogeneous.. Form G \vas a form for the assessment of 
colour and appearance by the choice of six categories.. Fonn 7 was a 
form for the Assessment of Heat and Fat Particle Appearance and Colour, 
• 
using a choice of fo'urteen categories. F'orm 8 \'las a two sample 
comparison form asking for differences in colour and appearance beb'/een 
t\'/o samples. Form 9 \Olas a single sample assessment form enquiring about 
the acceptability of an individual sample. Fonn 10 ,,•as a ｃｯｬｯｵｬｾ＠ J\.ccept-
abili ty Assessment Form '"hich asked the panel to give the sample an 
acceptability score for colour, to explain ,.,rhy it chose the score and to 
describe the sample colour. Fonn 11 \vas a four character assessment form 
lv"ith a seven point hedonic scale. 
In the b.,ro Colour Assessment Forms the panel \vas asked to express the 
colour of the luncheon meats using scales of pinkness and brownness. 
Form 12 used a five point scale for pinkness and brmvnness. Form 13 
used a fiv-e point scale for brmvnness as in Fonn 12, but used a ten 
point scale for ｰｩｲｵｾｮ･ｳｳＮ＠
5.3 Colour Photography 
Colour photographs lvere taken by Nr. A. Hines of the,. Photography 
Department of the Food Research Association. The camera \•ras a 35mm 
Exata R'l'L ld th 2 x 500 watt photoflood bulbs and a Kodak Kodacolour II 
•tilm rated at 32 ASA, and an exposure of f 1l at 1 second, ｜ｴｾｩｴｨ＠ a 
Hoy A ｾｏｂ＠ fi 1 ter being · used. The samples \'lere placed on a dark back-
ground and a card \vas· placed among them \'lith a range of colours on it 
which enabled true colour reproduction. 
5.4 Experimental t-lethods of Colour t-Ieasurcment 
5· 4-.1 1-iunsell Chips 
A series of piru< glossy Munsell Chips \vere obtained. Samples Ｇｾﾷ･ｲ･＠
compared to the range of chip colours under standard illumination, and 
the chip nearest in colour to the sample in question ,.,as selected and 
its number noted. This method \vas restricted to use only \\'"here large 
sample colour differences ･ｸｩｾｾ･､Ｌ＠ e.g. bet\veen commercial samples. 
Jvlo.ny laboratory samples had colours "'\rhich w·ere perceptively different 
yet were all classed by one chip b(-}Causc the differences in colour 
bebveen chips ,,•as larger than the differences in colour between samples. 
·' 5. h. 2 Beckmann DBG GradinH Snkectr·o:ehotometer 
The Beckmann DBG Spectrophotometer is a double beam recording instrumento 
Its source is a tungsten and halouen lamp, and for colour work a reflect-
ance attachment replaces the sample compartm(c;'Dto A scan from 750 nm to 
380 nm took approximately eight minutes. 
Defore use, the spectrophotometer "'vas ｣｡ｬｩ｢ｲ｡ｾＺ･､＠ using stnndard black 
and white ceramic tiles of knm,rt1 spectral reflectanceo 
Samples of luncheon meat were cut into squares 2 11 by 2 11 , a size suitable 
for clipping the samples against tl1e measuring port, in the confined 
space of the reflectance head. The ｳｾＮｵｮｰｬ･ｳ＠ were vacuum packed (Section 
5o6) "''<'hich served the dual purpose of preventing sample fading, and 
preventing grease from the sample spoiling the equipment. The samples 
were measured one at a time, scanning fron 750 nm to .370 nm wa.velength. 
The spectrophotometer '·ms a recording instrument, and the attached 
chart recorder set to the correct speed gave the spectral curve for 
each sample«> 
A digital voltmeter was connected to the spectrophotometer which gave 
the reflectance of the sample at each \mvelenuth on a displ.=1y.. This 
also controlled a tape puncher, and a record of the reflectance of 
each sample at every \vavelength throunhout the spectrum, was obtained 
on tape. 
The Beckmann spectrophotometer mea.sured the percentage reflectance from 
the sample at every wavelength throughout the spectrum. From this data 
a spec.tral curve vms plotted of percent reflectance against ,.,aveleng.tho 
'!'his is the basic colour data from which any type of colour specifica-
tion can be calculated. 
Data collected on the punch tape was later used in a ｣ｯｭｰｵｴ･Ｑｾ＠ programm 
for calculating.CIE tristimulus values and colour differences, etc. by 
Mro A. Johnson of P.I.H.A. 
......_ __ _ 
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5.1:i.2.1 The Calculation of 'l'ristimulus values from the reflectance 
spectra results of the Beckmann Spectrophotometer 
The Tristimulus values \vere calculated by the w·eighted ordinate method. 
For the calculation, tables \'/ere referred to w·hich are ｦｯｴｾｮ､＠ in text 
books ·on colour (\vyzecki and Stiles 1967). The Tables shm'l a series 
of \'leighted co-efficients appropriate to chosen illuminants for a 
ser5.es c;>f \'la.velengths. In this case 10 nm intervals \'/ere chosen and at 
each interval the reflectance value of the sample \'las multiplied by b'lo 
factors. The first factor \'las one \'lhich allm'led for the amount of 
energy in the source (Illuminant c in this case) for the \'lave length in 
' question. The second factor \'las a weighting function and gave a 
correction for the sensitivity of the eye v1hich is ｟ｬｾｩｧｨ･ｲ＠ in the green 
part of the spectrum that the red and blue ends. These are x y and z. 
lti the published tables these factors have been multiplied, so that it 
is only necessary to look up the \'/avelength in question for a particular 
illtuninant, and multiply the figure given by the reflection factor of 
the sample, obtained·from the Beckmann results. 
X, Y and Z ,..,.ere obtained by summing the values for each '"avelength 
interval. 
· x and y \..rere obtained from: 
X y 
X = X + y + z 
since x . + y + z = 1 z \vas obtained by subtraction. 
Further CiBtails of the calculations are found in \vright ( 196 9) and 
Hardy ( 1936). An illustration of the C. I .E. x.y. diagram is show·n 
in ｾｨｯｴｯｧｲ｡ｰｨ＠ 39 • 
A g<:>od ··example of the use of CIE Co-ordinates to describe the colour 
of meat \vas given by Hutchings ( 196'9) ｜ｾｨｯ＠ used a plot of y against x 
to illustrate beef colour. In this study plots of y against X \V"ere 
often used to demonstrate a range of commercial luncheon meat colours. 
5.4:.2.2 Dominant \vavelength and Purity Calculation permits chromati-
city specification in terms of hue and saturation and. is obtained from 
·CIE x, y values. The system is based on the additive colour mixing 
properties of the x, y diagram. A colour is specified by describing 
hmi it \•:ould be matched additively mixing the illuminant and light of 
; 
some single \..ravelength. 
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The Dominant \·lave]. ength is the \vavel.ength needed for mixture \d th the 
.illuminant. It usually. identifi0.s the hue of the object's colour, 
The Purity, P, is the percentage contribution of ·the dominant \V"Uvelcngth 
to the mixture. 1.00 is the purity of all spectral colours and 0 is the 
purity of the illtuninant. Since these express. ions can only be ol.>ta ined 
after the spectral curve has been reduced ｴｯｙｾ＠ x, y they are psycho-
physical specifications, 
The calculation here, involved the use of charts Ｇｾｨｩ｣ｨ＠ are given in 
'A Handbook of Colori111etry 1 by Hardy (1936), The charts show enlarged 
sections of the CIE x, y diagram, and lines of dominant \'lavclength and 
purity are superimposed. Charts 12, 13 '"ere especial·ly useful for the 
area of the CI:E disgram in \'lhich luncheon meat colours lieo 
5.11.2.3 A Hethod o,f Estimnting__tleat Pi.gment Chnnges bv the 
Calculation of K/S Values 
Reflectance spectrophotometric analysis of meat pigments is based on 
the theoretical \'lark of Kubelka and Hunk ( 1931). Light is absorbed 
and scattered '"hen it enters and passes through an opaque material such 
as meat. These authors considered the behaviour of light entering a 
partially opaque material and defined an absorption coefficient k and a 
scattering coefficient s. Reflectivity R is the reflectance of a sample 
of infinite thickness, or in practical terms that of a sample tlKlt is 
sufficiently thick to prevent light being reflected from the backgroun.do 
Reflectivity is related to the absorption and scattering coefficients by:-
K/S = 
-Hood (1973 (a) and (b)) and Snyder (1965, 1967, 1968) fully described 
the calculation of K/S.values, the theoretical and practical aspectso 
- In this \Wrk K/S values \\'"ere obtained from ｾｮ｢ｬ･ｳ＠ in Judd and Hyszeck 
(1963), ,,•hich r-elate KIS and reflectivity. They Ｇｾ･ｲ･＠ obtained from 
reflectance values at 530 nm and 630 run. The ratio KIS 530 I KIS 
630 nm gave an indication of the colour of the meat and the nature of 
the pigments. Graphs of KIS 530 I KIS 630 nm were plotted against time 
of exposure for faded samples (and a linear relationship ,.,..as 
established) .. 
----.-
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.The sample \vas illuminated by a tungsten halogen lamp representing 
illuminunt A. 'l',,•o beams of light from lamps 90° npnrt illuminated the 
0 S{.Unple at h.? to the 11crpendicular, ,,•hich prevented surface texture 
patterns or irregularities from influencing the readings. The diffusely 
reflected light ｦｬｾｯｭ＠ the sample ,,·as collected, in the integrating sphere 
'dlich was coated \vi th barium sulphate. F'our photocells mounted on top 
of the sphere viewed the diffuse light through appropriately designed 
glass filters. These modified the response of the photocells to 
closely approximate the responses of the CIE standard observer, _ and also 
modified the signal so colour values \'lere given in terms of illuminant C 
instead of illwninant A. Because the filters are positioned u.fter the 
light has reached the sample, Gardner instruments include ｦｬｵｯｬｾ･ｳ｣･ｮ｣･＠ in 
colour measurements. 
The instrwnent was S\'li tched on thirt)r minutes before use to allow the 
instrwnent to stabilise. The beam dic:unC?ter oi' -it" \'las selected and the 
instrument calibrated using standard Gardner ceramic tiles. The sample 
'''as placed over the measuring port on top of the instrument, the 
appropriate buttons selected and pressed and the digital display reading 
\'las notedo Measurements were repeated three times over different areas 
of the sample. It \\'as observed that the luncheon meat sample faded 
rapidly ,.;hen exposed to the bright light of the colorimeter in the 
presence of air. 
ＵＮＱＺｾＺＮＳＮＱ＠ Instrument Units 
The Gardner Digital Colorimeter uses the Hunter (1958) Loa.b. units of 
measurement \\'here:-
'L' is an index of lightness, the higher the units the lighter 
the colour, e.g. 100 = white 0 = black 
ｾ＠ is un·index of redness/greeness, the more positive the reading 
the redder tho sample colour
1
the more negative, the greener 
the colour)where 0 is neutral or grey. 
ｾ＠ is similarly a measure of yellowness/blueness, positive for 
icllowness, negative for blueness. 
----
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Fig 5.3 The Hunter L.a.b. Diagram 
100-Vv'H ITE 
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There is a relationship beb\•een XYZ values and the L.a.b. scale given 
by:-
L = 10 y a = 
175(X-Y) 
ｌｾＶ＠
?O(Y-Z) b := -'---'-:o/---L,1l 
where L.a.b. values are from the Hunter (1958) scale and 
X, Y, Z are C.I.E. trichromatic units. (Wright 1964) 
ｾ Ｍ
It should be noted that the Loa.b. value quoted in this study were 
obtained from the Gardner Digital Color·imeter and the C.I.E. data ,..,as 
.:<?btained from the Beckmann Spectrophotometer. Because different 
l 
instruments have their . m.,rn pn.rticular characteristics, results from 
-. 
five instruments catmot be compared ,.,ri thout some form of calibration. 
The Beckmann restllts given ｨＨｾｲ･＠ do not correspond directly to the 
Gardner L.a.b. results. 
5.4.4- Accelerated fading Wc\S also investigated using the Gardner 
Colorimeter 
The Gardner colorimeter l'/Cl.S s'd tched on, and allm1ed to l\'arm up for 
thirty minutes before use and standardised as described previously. 
The luncheon meat sample '''.J.s placed over the part of the instrument 
and thc _· L. a and b values wei·e noted. The meat sample \'las left in 
I 
place for periods of time ｮｰｰｾｰｲｩ｡ｴ｣＠ to attaining complete fading of 
the luncheon meat sample. The L. a and b values were noted at regular 
intervals and a graph plotted of each value against time of fading. 
5.5 Analytical Techniques 
5· 5.1 Analysis of Ni-t:ri te in Luncheon Neat 
This \'/as fully described by Evans ( 1972) • A 10 gm sample· of luncheon 
meat was homogenised \'lith a small volume of warmed distilled \'later, 
and put in a 200 ml flask. If ascorbate \·..-as present the contents \vere 
treated '"i th 25 millili tres of a solution of sodium chloride of 2l1:% 
strength, and titrated \'lith iodine, using a starch indicator until a 
blue-black end point \'laS obtained \vhich persisted for more than fifteen 
seconds. The suspension \vas de-proteinise<.l by the nddi tion of 5 ml. zinc 
acetate/glacial acetic acid solution (Car:t'ez solution Noo 1) and 5 ml. 
potassium ferrocyanide solution (Carrez solution No. 2) c. The volwne ,.,.as 
made up to 200 ml. with distilled \tater and the suspension filtered 
through glass fibre filter paper Ｈｧｲ｡､＼ｾ＠ A; nitrite free) into a conical 
flask. A suitable quantity of filtrate (e.go 10 ｭｬｾＬ＠ Evans 1972) 
depending on the anticipated nitrite concentration, ,,ras taken and shaken 
\'lith 10 mlo of 0.1% sulphanilam.ide/hydrochloric acid and left to stand 
for 3 minutes. One inl. N.l Naphthyl ethylenediamine clihydrochloride 
solution '''as added, mixed and left for three minutes for the colour to 
develop. The solution '"as made up to 50 ml .. and the p.ink.-purple colour 
read in 1 em glass cells at 538 nm in an Eel Sp 600 ｳｰﾣｾ｣ｴｲｯｰｨｯｴｯｭｅＺｴ･ｲｯ＠
5.5.2 The Measurement of pH of the Meat 
A small meat sample was tah:en, minced ancJ added to twice its \'Ieight of 
\vater, i.e. a 2:1 \vater to meat slurry was made. The mixture was 
allmved to stand for hventy minutes and then its pH Has measured by the 
insertion of a probe from a Pye model 78 pH meter. 
5.5.3 The Hornsey Method of extructior. of 211eat ｅｩｊｬＡＡＮＡＮＮｾｾｪＺｳ＠
Nodif:i.ed here for use 'dth Luncheon Hent 
(Hornsey 1956) 
10 gm.· samples from a freshly opened tin of luncheon meat were 
weighed out into a blending flask. 40 ml. acetic acid and 3 mls. of 
\'later \tlere added and the mixture blended for three minutes. The mixture 
was filtered and the light absorption of the filtrate at ＵｾＰ＠ nm ﾷＬｾ｡ｳ＠
ｭ･｡ｳｵｲｾ､＠ using a 1 em. silica cell lvith an. Ｘｯ｣［ｾ＠ acetone/water solution 
blank, on the Unicam SP 800. 
ＭＭＭＭｾＮ＠
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Then one drop of concentn:d;cd hydrochloric acid was added and the 
solution set ｡ｳｩ､･ｾ＠ ｦ｣＾ｉｾ＠ 2 hours for complete o::d.dntion to take place9 
The peak wavelengths of acid hema.tin in 80% acetone were rneasured at 
6l10 and 512 nme 
The operation \;'as carried out as quicklJ-' n.s ｰｯｳｳｩ｢ｬ･ｾ＠ and stanes ,..,ere 
done in the dark and using ｢ｬ｡｣ｬｾ＠ paper covered flasks, to avoid the 
fading of the pigments as reported by Hornsey (1956). 
Heasurement of total pigments ,,ras ｴｨ＼ｾｮ＠ carried out. 10 grn .. 
of the meat pieces \vere blended with ho rnl. acetic ｡｣ｩ､ｾ＠ 2 tnls. ,,•ater 
and 1. ml o of concentrated hydrochloric acid l<ept for one hour 0nd 
filtered. The optical density of the filtrate ,.,.as measured at ｇｬＮｾＺｏ＠ nm 
and gave the amount of total pigments present in the mea ·L 
Using the ｦｯｬｬｯｷｩｮｾｊ＠ calculation the total pigments and 
extr.:tcted nitric oxide pigments \vere expressed in terms of p<:trts per 
million haematinq 
total pigments 
nitroso pigments 
(absorption at 640 run) x 68b 
(absorption at 5h0 nm) x 290 
where the ratio of the absorptions for the total pigment rea<.lings at 
512 and ＶﾷｾＰ＠ nm should not be great_er than 2 .. Ｐｾ＠
25gm. of luncheon meat sample \•Tas taken a.nd sliced into small pieces 
and ground in a mortar. Tbe ground meat \vas transferred to an 
'. 
'evaporating basin and uround \vith 10 gm. celiteo 1'he mixture \vas placed 
on a wfiter bath for thirty minutes, reground and placed in an (Wen at 
105°C for b,•o hours. It ,.,..as then defatted Hi th three petroleum ether 
extractions and the mixture placed on a 1 11 chromatography column and 
eluted \v:lth ammoniacal rnet.hanol at pH 8 .. 5 - 9e0co The coloured eluate 
\vas collected in an evaporating basin and the nmmonia removed by heating 
on a \\·ater bath.. Adjusting the volume to 50 ml.s. ·by the addition of 
distilled water the solution ''Tas then made to a pH of 6 by the addition 
,-of dilute acetic acid., A ｭｩ｣ｬｾｯ｣ｯｬｵｭｮ＠ \vas plugged \·ri th glass \vool, 
filled' to a height of 2 em. by a slurry of polyamide and ＧＧＧ｡Ｎｴ･ｩｾ＠ and 
\vashed \vi th ,\ • R. acetone.. The dye solution ''Tas absorbed onto the 
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polyamide microcolumn, and '"ashed ,.,ri th:-
3 X 10 ml. distilled '""ater (60-70°C) 
2 X 5 ml. acetone 
2 X 5 ml. CHC 13/Et0H/H2 0/J:t'ormic acid 100:90:10:1 
2 X 5 ml. acetone 
The dye \vas then eluted ,.,.-i th ammonia! acetone pH9 and collected in an 
evaporating dish. The ammonia was removed by heating. The dye 
solution \\Tas farther- concentrated and identified by thin layer chromato-
graphic techniques following the method of Hoodless et al ｨＹＷｾ＠ and 
Gilhooley et al (1972) • 
The method \'las chosen after a comparison of various methods found in the 
li tera.ture. (Endean and Bielby 1975, Dolinsky and Stein 1962, Draper 
1973, Davidek and Davikova 1967, Graichen and Molliter 1963, and 
Graichen et al 1955.) 
5.6 The Vacuum Packing of Luncheon Heat Slices 
\Vhen a particular sainple was required for examination, the tin \'las 
opened and the luncheon meat sliced. These slices were Ａｾｭ･､ｩ｡ｴ･ｬｹ＠
placed into metathene ＨｾｉｘｘｔＩ＠ pouches and -each packet was placed in turn 
on a small scale vacuum seamer (made for the R.A. by B. Colman, Olympic 
\vorks, Bournem6uth). This machine dre,.,. out the air from ins ide the 
packet creating a vacuum and a pair of jaws heat sealed the neck of the 
pouch. The machine \\"aS connected to air supply of 30 pounds pressure 
and a pump providing a vacuum of thirty pounds per square ｩｮ｣ｨｾ＠ 'l'he 
controls 0f the vacuum packer could be adjusted to give a 1< .. 1ger vacuum 
or sealing time as required. 
5.7 Statistics 
The mass of pane1 assessment results ｷｾｲ･＠ ｧｩｶ･ｮｳｴ｡ｩｩｾｴｩ｣｡ｬ＠ treatment by 
Ashley Ford of the Statistics• Department at Hanchester University. 
Analysis of variance was carried out to see if there was a significant 
difference bebieen samples used in a vim'ling session. To .. investigate 
ｾｨ･ｴｨ･ｲ＠ there were linear relationships betw·een panel assessment· ·resul ts 
and instrumental colour measurements the linear ｲ･ｧｲｾｳｳｩｯｮ＠ equation for 
·a particular case '""as determined. ｓ･ｬ･ｾｴ･､＠ examples of these calculations 
are given in the appendix. 
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CHAPTER 6 
6.0 Preliminary Experimental Section 
6.1 The Performance of Colour Defectives in Panel Assessment 
6.1.0 Introduction 
This study concerns the effect of colour on the acceptability of food, 
so it is necessary to consider the position of a colour defective. 
50% of the pan.el used to asses the meat colours \'lere male and since 
approximately 8% of the male population are colour defective, it \'las 
important to screen the members of the panel using -the Ishihara tests, 
and to use only the colour normals. 
For a colour defective batchelor, the choice of a steak, or meat product 
may be difficult. Can he distinguish a brown, unacceptable piece of 
meat from n red, fresh one, or a faded c.ured meat from a fresh pink one'? 
Less than o. s% of ｜Ｇｬｏｩｭｾｮ＠ are colour defective, and since the house\dfe 
is generally responsible for shopping and cooking, there should not be 
a serious problem in everyday life. 
Tests \'le.re carried out using kno,...-n colour defectives, to see how they 
responded to luncheon meat samples of various colours. The colour 
defective subjects used in this study, had had extensive tests carried 
out on ｴｨｬｾｭ＠ at City University, and their defects \-.rere \vell catalogued. 
Colour defective confusion loci are colours that lie along a line of 
the ｃｉｾ＠ x, y diagram, which a colour defective cannot distinguish easily 
and 'so confuse, ｾﾷＹﾷ＠ green-red. (Figures 6.4 and 6.5). 
Red defectives were:- Protanopes with a serious red defect with only 
t\io cone systems because the red cones are missing. Protanomalous 
trichromatcs have three cone systems but the red cones are faulty and 
these people have moderate red defects. Green defectives:- _. Deutera-
.nopes have only two cone systems, the green cones are missing and they 
have a,sevcre green de.fect. Deuteranomalous trichromates have three 
cone systems but the green set ho.s some fault and they have a moderate 
. green colour defect. It is still not clear ho\V' or why the defects 
arise nor exactly \'lha.t colour-defectives see and much \V'ork is ｢･ｾｮｧ Ｎ＠
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carried out in this field .. It can be said that generally colour 
defectives see colours as a series of greys but obviously this 
depends on the severity of the defect o (Voke 19?3)o 
6.1o1 The Us_e of Colour Defectives to ｊｵ､ｧｾ＠ 'LhG Acc0.1lb±.!l.!litv ...2!..:....-the 
ｃｯｬｯｾｵｾ＠ of ｴｨｅＺｾ＠ Samples 
Six colour defective subjects, t\w deuteranomalous trichromatcs, one 
denteranope, two protnnomalous trichromntes nnd one protanope, were 
asked to assess the acceptability of the colour of a set of 7 luncheon 
meats under standard vimving conditions using Form 2 .. 
'l'he luncheon meat sample codes, levels of erythrosine and nitrite and 
Gnrdner 'a' values and ·erE values are given in '!"able 6o1.o Their 
colours are shm\'n on a CIE x, y diagram (Figure 6. 1) .. 
The results of the assessment using Form 2 is shm...-n in Figure 6.3 and 
Table 6o2o Comparisons to colour normal 1·esilonses for these samples are 
also given in Table 6.2, and hoth scores ,,•ere compared \'lith Gardner 'a 1 
values (Figure 6.2). 
The average scores for the colour defective panel \·lere similar to the 
colour normal panel average ｾ｣ＨＩｲ｣ｳＮ＠ Ho\•rever, for some samples, vcl'Y 
different results \\"ere given by individuals, eeg. 0 and 3 for H and K 
samples for the second deuteranomalous trichromate and the deuteranope. 
6.1.2 The Usc of Colour Def<:ctives in ｎ｡ｴ｣ｨｾＡｬﾣＡ＠ ｓｾｰｬ･ｳ＠
. The panel \'!ere given a range of eleven similar shaped, vacuum packed 
luncheon meat samples. \Hthin the set, ｜ｶｴｾｲ｣＠ pairs of identical ｳｵｲｮｰｬ･ｳｾ＠
including a duplicate pair as control and increased in pink.ness from 
｟ｲｾ＠ to K as shown by increase in 'a' value... The panel ()f ＱＮｾ＠ ｦｃ＾ＮＮ｜ｴＧｾｯｬｴ｜ＭＺＮ＠ taa tche[ 
the samples. The test was then repeated using colour normals. 
- 59 -
6.1.2.2 Results 
The samples w·ere coded as described in 'fable 6 .. 1. The list of mistakes, 
and their severity, made by the colour defective panel are shm·m in 
Table 6.3. No· significant mistakes \'r'ere ma.de using colour normals. 
Thus, major mistakes were classified as a ｾ｡ｴ｣ｨ＠ of srunples more than 
five samples apart, e.g. A/J, medium mistakes between three to four 
samples apart, e.g. 'A/E, minor mistakes one or t\'IO samples difference, 
e.g. A/C. 
\vith red defectives the protat:lOmulous trichromats made more errors 
overall than the protanopes even though ｴｬｾ＠ protanqpes are said to have 
the more serious defect. Furthermore, the protanomalous trichroma.ts 
made significant mistakes in confusing pale pink samples \ll'ith vivid 
pink samples B/J and D/J, as ,,•ell as mediwn mistakes in confusing cjr.· 
and D/F and minor mistakes in confusing B/C, C/D and ａＯｃｾ＠ The protano-
pes made more medium mistakes than any others in confusing D/G, D/F and 
B/D. ｾ ﾷ Ｑ｡ｮｹ＠ of these mistakes lie on protanopic confusion loci. 
(Figure 6.'*)• 
'vi th green defectives the deuteranomalous trichromats made more mistakes 
than the deuteranopes but the latter made more significant errors. The 
deuteranopes confused samples B/J, E/K, A/H and B/H which \'lere signifi-
cant errors and C/F a medium error and B/C and C/D minor errors. The 
deuteranomalous trichromats confused samples D/J, E/J, B/J, A/J, C/G 
which were major mistakes, B/F, 13/E medium mistakes and B/C and I3/D minor 
.mistakes. A/13/J lie on one deuteranopic confusion line and C/E on 
another. Other mistakes lie close to such lines as shmvn by comparing 
. .· 
Figures 6.1 and 6.5. 
6.1.3 Discussion 
People ,.,i th colour defects may overcome problems of judging colour by 
'guessing' the colour of a product according to its lightness or darkness 
e.g. a green often. appear$ lighter than a red colour, and so the person, 
.although he or she cannot actually see the colour difference, may learn 
to disi(inguish it. Colour defectives may soon become accustomed to food 
colours because food is something they cannot do \\"ithout, and they 
. develop .·their 0\\'ll tolerance limits and ranges of aeceptability. The 
- Go ·-
first test shows that their acceptability judgements for luncheon meat 
\\"ere similar'to a normal person's, yet the second test .shows that they 
cannot alKays see the difference between t\<To snmples of considcrc1bl.e 
colour difference. 
6 • 1.l.i Co nc 1 us ions 
(1) The panel of six colour defectives were able to assess the accept-
ability of the luncheon meat colours adequately, and their results 
were similar to a colour normal panelo 
{2) Individuals gave very different acceptability scores for certain 
samples. 
(3) A panel of twenty three colour defectives showed major errors in 
matching pairs of identical luncheon meats, ･ｾｧＮ＠ matches of very 
pale pink samples to deep pink samples. 
ＨｾＩ＠ It would be umdse to have colour defectives on a colour ｾ ｡ｳｳ･ｳｳｭ･ｮｴ＠
panel because their judoements could not always l>e accurates 
6.2 The Heasurement of the Colour of Foods: Luncheqn ｾＡ｣｡ｴ＠
6.2. 0 ｉｮｶ･ｾｾｩｧ｡ｴｩｯｮ＠ of Net hods, Instruments and rrer·minolo.ily 
6.2.1 Introduction 
One of the most serious obstacles ･ｮ｣ｯｵｮｴ･ｴＢｬｾ､＠ in this study ,,rns the 
expression and measurement of the colour of luncheon meat. Ini tiu.l '"ork 
involved understanding the terminology used in the colour field, examin-
ing available instruments and the units each used, and whether the)' could 
be applied to a foodstuff such as luncheon meat .. 
6.2.2 Experimehtal 
The following methods or instruments (given in 'fable 6 o ｬＮｾＺＩ＠ Here investi-
gated using the same samples, all instrtmtents were used as described in 
. their operations manual, .,'f'ith the samples in place over the appropriate 
measuring ports"· 
--
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ﾷ ﾷ Ｍ Ｍ ｾ＠
6.2a3 Visual ＿ｶｬｾｴｨｯ､ｳ＠ of Colour ｾＡ･｡ｳｵｲ･ｭ･ｮｴ＠
-Panel assessments using a questionnaire were carried out by an 
experienced vie,dng panel which vas asked to examine a set of luncheon 
meat sample,s under standard viewing conditions, and give the samples a 
score for colour as incUcated on n questionnaire. .:l standard sample 
,,•as included to allmv comparison to he made bet"'een vie,'lings. 
Comparisons ,.,ri th commercial standards were ｣｡ｲｴｾｩ･､＠ ov.t by COilii)aring the 
colour of the samples with a set of commercial colour standards under 
standard ｶｩｭ＾ｾｩｮｧ＠ conditions. The colour of the standard closest to the 
colour of the sample was noted and referred to by standard terminology. 
Th:is gave a reference terminology ｦｯＱｾ＠ the sample. 
Spinning discs were originally designed by l>lax,llell but arc nmv avail-
able using Nunsell colours. In this investigation laborator)r prepared 
motor and discs were used. Proportions of red, yellow, white and 
black cards were spun to match the luncheon meat colours. The sample 
,.,as also spun, and the colours of both spinning objects compared. 
The Lovibond Tintometers, available in various models, are visual 
subtractive colorimeters and, the flexible optic tintometer appeared 
the most ｡ｰｰｲｯｰｲＭｩ｡ｾ･＠ for measuring lunchePn meat colour.. 'l'he measuring 
head \ms positioned at the end of flexible fibre optic leads, and the 
colour of the sample 'vas measured in situ (in the can, on the plate, etc.) 
thus reducing sample preparation time.. The head measured cl \rery small 
area, and was positioned over the area of interest, i.e .. fat particles 
,,rere avoided when meat colour was requiredo The colour \vas measured in 
Lovibond units by reading the fi 1 ter nwnbers for bm colours nnd taking 
the luminosit)r reading·. The colours \·IE>re plotted on Lovibond diagrams 
or converted to CIE units. 
6 ｾ＠ :2.. 4 Trist imul us Colorimete1:2, 
Luncheon meat samples '"ere placed over the sample port of the Harrison 
Colour Comparator and the reflected light measured, on a comparison 
. . bnsis to the reflectance of a \vhite tile. 'X', 'Y' and 'Z' value8 were 
obtained and converted to ｃｩｬｾ＠ X, Y and Z values. The instrument contain-
ed two bulbs representing illuminant A and encapsulated selenium photo-
cells ｶｾｩ｣ｨ＠ detected the reflected light. 
----
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The Gardner Colorimeter '''as used as described in Section 5 .. h.3. 
The samples ,.,ere pLtced over the measuring port of the Hunter Colori-
ｭ･ｴ･ｾ＠ and X Y Z or L a b readings were obtained on a digital display 
by selectioh of the appropriate buttons. Standard ceramic tiles were 
used t.o standardise the ｣ｯｬｯｲｩｭ･ｴ･Ｑｾ＠ ｰ･ｲｩｯ､ｩ｣｡ｬｬｹｾ＠ ,\ Hunter ｃｯｬｯｲｩｭ･ｴ･ｩｾ＠
on line to a small Hang calculator, as well as one on line to a larger 
Serccl..: computer was used. A standard sample \vas placed over the port, 
measured and the difference beboJ"een it and subsequent samples ,.,.as recor-
ded and thus indicated variations between samples. Results for various 
luncheon meats were recorded as differences in redness-greenness, 
blceness-yellowness and lightness darkness. 
The Harrison Shirley Colorimeter and ICI Digital Colorimeter are very 
similar and are based on the system of illumination described earlier 
and patented by Harrison for his colorimeter. The samples \'/ere placed 
over the measuring port of ench instrument and CIE X Y Z data obtained 
on their digital displays. The instrwnents were also run on line to a 
'vang calculator \vhich had been ｰｲｯｧｲ｡ｭｭｾ､＠ to give the required colour 
datao One such system described by Jaekel et al (1973) was used at 
H.A.'l'.R.A. (The Hosiery and Allied 1'rnrlos Heasearch Association) and 
similar information was obtained to that described earlier for the 
Hunter-Hang systemo 
The Paint Research ｾｳｳｯ｣ｩ｡ｴｩｯｮ＠ Fibre Optics Colorimeter was used with 
the samples positioned some distance f1·om the colorimeter, both on c. 
plate and in a tin \'lith one exposed surface. 'fhe measuring head, 
_situated at the end of a bundle of nine fibre optic light leads, 
relayed light from and back to the instrtl!lsent, and CIE X Y Z readings 
'"ere obtained. 
Non recording spectrophotometers, the Unicam SP 500 and 6oo, were used 
to measure the colour of luncheon meato Nngnesium carbonate standards 
'"ere prepared c1.nd the instrwnent calibrated. Reflectance values '"ere 
·-obtained a:t every wavelength in the YisibJ.e spectrum, and plotted 
manually to give a reflectance cur\re from '"hich CIE, X Y Z values \vere 
caluculated. 'fhis method 1o;as very time consumingo 
. ....__ __ 
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Recording Spectrophotometers (designed for tran.smission wo1·k but 
having a reflectance attachment), include the ｕｮｩ｣ｾｵｮ＠ SP 800 with 
SP 890 reflectance attachment, nnd the Beckmann DBG ｧｬｾ｡ｴｩｮｾｊ＠ spectro-
photometer which \.;ere:! used for ｭ･｡ｳｵｲｩｮｾｊ＠ the colour of luncheon meat 
as described in Section 5.4.2v 
\•li th the Bausch and Lomb Spectronic 505 Hccording Spectrophotometer 
the sample was placed against the measuring port and a reflectance 
curve obtained for hoo - 700 nm using a tungsten light source. The 
light was dispe1·sed by two diffaction grating::> each having 1200 
rulings/nm. Reflectance values were recorded on punched tape and fed 
to a computer to obtain CIE colour data. 
Recording spectrophotometers ､･ｳｩｾｊｮ･､＠ for reflectance "\vork and colour 
measurement include the Pretema \'ihich is an abridged spectrophotometer 
and has 32 filters. The spectrophotometer '''as calibrated, the sample 
placed over the measuring port and reflectance values obtained from 
,,,hich CIE V<:tlues \vere calculated. 
The Data Colom:· 7'100 is a very sophisticated and expensive piece of 
equipment u.sed mainly in the textile industry for colour matching and 
recipe ｰｲｾ､ｩ｣ｴｩｯｮ＠ '"ork. Only t\W are used in Dri tnin at present ( 1.9"15) o 
1'he spectrophotometer encompassed in the system has a xenon lamp and 
measures fluorescence. It measures a sample n1:-ea ranging ｬｈｾｴｷ･･ｮ＠
. .. 
8-33 mm in <Hameter depending on the diaphragm used 9 so that it was 
.Jatisfactory for luncheon meat. 'fhe system is automat)c and computer-
;ised. A keyboard Ｍ ｾｳ＠ used and the correct code is punched in to comnmnd 
the computer to calibrate, then measure the standard and then measure 
the sa;lples . as required using different codes for different tasks. 
6.2v6 Results 
Data from t.h.e different techniques are shmm in the appendix .. 
(Table 6. 4} • 
.- 6.2. 7 Discussio!! 
Panel assessments using a questionnaire \'/ere easy to carry out \vi th the 
minimum · of equipmento Using scales for pinkness and brownness of ＰｾＱＰＬ＠
tlOOd cons istant results were achieved and the pinkness ｳ｣ｯｬｾ･､＠ correlated 
well w·ith Gardner 'a' values:---(F:i.gure 7.1.5 and Tables 6.5 and 6.6), 
ｈｭｾ･ｶ･ｲＬ＠ comparisons of luncheon meat samples l'li th commercial colour 
standards were not successful. Problems arose because the standards 
were uniform in colour \'lith a flat surface unlike the luncheon meat 
samples which had variations in pink and white meat and f_at, making up 
their colour, and an uneven surface. The standards represented only a 
fe,ot of the many colours the eye detects and gaps appeared in the range 
of pink colours available for matching to luncheon meat. In some cases 
it was impossible to distinguish tl'lo differently coloured samples by 
those standards because the samples were more similar in colour than 
the appropriate cards or chips. Of the standards investigated, the 
Munsell glossy chips were found to be the most appropriate for use with 
a greasy meat because they could be wiped clean. The Hoyal 
Horticultural Society charts '\<lere very good and covered a \dde spectrum 
of colours satisfactorily but they had a matt finish and w·ere in danger 
of becoming spoilt by contamination \'lith grease. 
Spinning disc comparisons '"ere difficult to judge and extremely tiring 
for the observer. 
The Lovibond tintometer gave results \<lhich \\'ere converted to CIE values 
using a nanogram. The Flexible Optic Tintometer had advantages in that 
-the sample could be in a can or on a plate and the light leads taken to 
it. The observer actually sa\v the sample in making the matcho This 
\vas advantageous because the observer \otas able to relate the numerical 
results to a colour he had seen, but had the disadvantage that he became 
tired after measuring a fe\v samples. 
The Harrison colorimet.er though inexpensive and simple to use, produced 
X, Y, Z values \'lhich had to be converted to the CIE system. It '"as the 
least versatile ·of the colorimeters examined. The 'a' values obtained 
on the Hunter and Gardner colorimeters gave a useful indication of the 
redness or ｰｩｮｬｾｮ･ｳｳ＠ of the srunple and both instruments ,.,ere sui ted to 
the task required here. The CIE, X Y Z data obtained or\ the Harrison 
Shirley, ICI Digital and Paint R.A. Fibre Optics colorimeters were less 
useful in expressing luncheon meat pinkness. 
"The colorimeter-calculator systems ,.,ere most useful as samples \\'ere 
compare.d in terms of redder; greener, ｹ･ｬｬｭｯｾ･ｲＬ＠ bluer, lighter, darker 
I 
etc., hmvever, the additional ｣ｯｾｴ＠ could not be justified for the type 
·-------
o:f \mrk needed in this study. 
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The method of illumination in the colorimeters had an effect on the 
stability of the sample colour. The lamp in the Gardner colorimeter 
became hot and accelerated the sample fading. Hm'lever, because the 
'a' units fell as the sample lost its pinkness, this lvas _found to be 
an excellent method of monitoring the fading and judging the colour 
stability of the samples. 
All of the spectrophotometers gave a reflection curve from which meat 
pigments and colouring matters were identified by their characteristic 
absorpt.ion peaks. 
Colour data \vas obtained by calculation, from the reflection values, 
but since this \\'as tedious, instruments possessing computer facilities 
,.,ere a great advantage. 
6.2c8 Conclusions 
The methods finally selected, bearing.in mind performance and avail-
ability \'lere:-
Panel assessment, Nunsell chip comparison, Gardner colorimeter, 
and Beckmann and Unicam spectrophotometer measurement. 
The panel assessments and Munsell colour comparisons \'fare easily carried 
out but did not distinguish all of the samples precisely enough. A 
Gardner Digital Colorimeter was readily a\;ailable and gave good colour 
results lvhen sample fading lvas preverl.ted. It \'las also useful as an 
instrument for monitoring fad1ng. 
The ｕｮｾ｣｡ｭ＠ SP 800 and "890 attachment without any computer facilities \vero used 
and· gave reflectance spectra sui table for K/S calculations. A Beckmann 
DBG grading spectrophotometer '"as avai ｾ｡｢ｬ･＠ Ｇｾｩ＠ th computing facilities, 
but the latter were costly and their use ,.,as limited to o_btaining CIE 
colour measurement data for each sample, and examining fading in selected 
samples. 
'· 
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7.0 Introduction 
The survey of conmtercial luncheon meats was designed to set the scene 
for the study of the effect of colour on acceptability using luncheon 
meat as a model system. It ,,·as assumed that all commercial luncheon 
meats had their particular purchasers dcspi te the '"ide ranae in colour 
and appearance. Thus, if the parameters of interest in colour accept-
ability could be defined for ｣ｯｮｾ･ｲ｣ｩ｡ｬ＠ snmples\ they would provide the 
boundaries which any luncheon meat. could be considered to be acceptable. 
Samples of commercial luncheon meats \\'ere obtained for this purpose, and 
results ,...-ere subsequently compared vdth those from laboratory samples. 
7.1 Experimerytal 
Approximately 20 different brands of luncheon meat and 5 bJ:-ands of 
similar products such as chopped ham and pork were purchased from shops 
and supermarkets in different areas of Ennland. The size, price, date 
of purchase of the tins and also the list of ingredients declared on the 
tin, \'/ere noted (Tables 7.8 and 7.9) .. Some vacuum packs of luncheon 
meat \'lere also purchased. 'l'he main sources of tinned commercial lunchec.n 
meat appeared to be Holland and Denmark. 
Slices of the samples were photographed and visually assessed using 
F'orms 2, ll:, 5, 7, 8 and 13. Their colours were measured as described 
.. 
'Chapter 5·. Heat and fat partie les '""ere measured and the numbe1· per 
slice '1.1o.ted. (Table 7.6). Nitrate and Nitrite analysis \'las carried 
on a few samples as descri.bed in Section 5o5• Colouring matters '''erE. 
extracted as described in Section 5.5 and identified by thin layer 
chromatography. 
7.2 Results 
in 
out 
Colour photographs 1 to . 6. illustrate the range of colours and appearances 
found with the cooonercial luncheon meatsa Colour measurements results 
from the Beckmann spectrophotometer and Gardner colorimeter, nnd Nunsell 
chip comparisons, are given in Table 7e1. Figures 7.01 and 7.02 show the 
spread of commercial colours on a ｃＮｉＮｅｾ＠ x, y diagram. Spectral 
reflectance curves are shO\vn in I•'igures 7.03 to 7.09. 
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Commer.c:i;;1]. samples ｜ﾷＮｴ･ｬｾ･＠ often included with laboratory prepared samples 
for different viewing s.essions and variation \vas seen beb,•een results 
using Form Ｒｾ＠ (Table 7 .. ;2). Their average 'vas taken (Figure 7 .10) and 
compared with Gardner 'a' values (Table 7b3 Figure ? .. 14). 
ｈｏ｜ｶ･ｶ･ＱｾＬ＠ certain samples \vere compared ｵｳｩｮｾｊ＠ Forms 2 and 13 so the 
average panel results for that particular viewing session were 
considered (Figures 7.11, 7 ｾ＠ 12 and 7., 13) o The scores for pinkness 
\vere found to be related to Gardner 'a 1 pinkness values (Table 7 .. 1!, 
Figure 7o1S). Panel assessment results of the samples' colour, meat 
and fat particle size and general appearance (Forms 4 and 5) (for 
S("'.lected samples) (Figures 7.16 and 7., 17) sho\v that Plumrose \vas 
con:..;idered to be best on all accounts with Unox a close second. 
Attention was focused on the appearance of the samples regarding their 
meat and fat particle size using F'orm 7 (Table 7 .5, ｆＧｩｯｵｲｲｾＳ＠ 7 .18, 7 a 19 
and 7.20) and details of particle appearance are given in Table 7.6 
\vi th sample comparisons to Pluntrose (Table 7 .. 7) o 
Using Form 8, all of the panel detected a difference bebveen Plumrose 
and both Walls and Danish Fine Fare and \hlS preferred for overall 
effect. It \vas considered to be less artificial than Fine Fare. \·falls 
was found to be brmvner with large pieces \'l'"hich resemble rind rather than 
meat. 
Erythrosine \vas identified as being present in the sr.unples 'Y"hich 
. . declared 1 permitted colouring 1 • Nitrite and nitrate \vere found in the 
samples •,..rhich were ｡ｮｾｬｹｳ･､＠ (Table 7.8). 
7.3 Interpreta'tion of Results 
The Photographs 1 to 6 illustrate the w·ide variation in appearances 
found '"i th the commcrc ial luncheon meats. The photographs ｳｨｭｾﾷ＠ the 
approximate sample colours, and the size and distribution of meat and 
fat particles, and supplement the descriptive data of sample appearance, 
given in Table 7.6o 
Colour Heasurements. Results of measurements on the Beckmann spectro-
photometer and Gardner colorimeter, and of comparisons to Munsell 
glossy chips are given in Table 7.1. The ｃＮｉｾｅＮ＠ x, y co-ordinates were 
found to range from x = .353 to x = .398 and y = .319 to y = .348G 
-----------------'----------··· --· ···-- --- ---- . 
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lvhen these \vere plotted on the C.I.Eo chromaticity diagram, Fig 7o01, 
it ｜ｾ｡ｳ＠ seen that the range of' luncheon meat colours \\'as onJy a very 
small part of the colour gamut, although perceptible differences are 
seen within the range of colours. An expanded x, y diagram, Fig 7.02, 
illustrates more fully hm·r the colours are spread out. 
Frqm the Gardner colorimeter measurements the 'n' values were found to 
give a good index of ｰｩｲｾｮ･ｳｳ＠ and the range of colours spread from 
a = 6.7 to 13o8o It was seen that these colours faded, even during 
the short time of measurementt and great care had to be taken using 
the Gardner for measurement o This \'.'as investigated further in Chapter 
12. 
The Heflectance Spectra obtained from the Becl-cmann mea::;urements, 
(Figures ＷｾＰＳ＠ to 7.09) show a series of similar curves with high reflect-
ance in the red part of the spectrum and absorbance (or. lo\1 reflectance) 
in the green part of the spectrum6 The luncheon meats contain permitted 
colouring matter and an absorbance peak seen at 51:1-0 run ｜ｾ｡ｳ＠ late1· shmvn 
to be due to erythrosine (Chapter 10). 
The Munsell Colours are listed in Table 7.1 and it is seen that in some 
cases no match could be made, and :i.n nearly all cases the samples were 
grouped together to match a chip, and so no differences could be 
expressed in Hunsell terms bet\veen any samples in that group despite 
the fact that large colour differences could be seen between them. It 
,.,as found later that the problems v;ere greater for many labC'ratory 
prepared samples and lvlunsell chips are not quoted • 
. . 
' 
Panel :As-sessments 
Hesults of colour and appearance acceptability using Form 2 (Tables 7.2 
and 7 .3, Figure 7 .10) shm'l that only Pluml.Aose received nn a\rerage score 
of 3 'like', but Danish Fine Fare received a close score of 2.9. 'l'he 
majority of the samples '"ere given scores bet\>leen. 1.8 and _2.5 so ,,•ere 
acceptable. The remainder, Dak, Dana, De,vfresh, Donald Cook, Lyric and 
1'-lidland, reeeived scores of one or more. It can be seen from the photo-
graphs and Gardner 'a' colour measurement results (Table 7.1) that 
Lyric and Hid land '"ere very pink whereas Dak \·tas pale, and they covered 
the extremes of the colour range, Jying outside the most acceptable 
areao Further panel tests \vg!:'__9 reqttired to ｳｨｏ｜ｾﾷ＠ exactly why the samples 
Ｍ ＭＭＭＭＭＭＭ ｾＱ＠
I 
received these scores ann \rhy Dana, DL'n,rfr<.'!sh and Donald Cook received 
such lmv scores e 
Form 13 used in conjunction \'lith Form 2 for selected snmples (Figures 
7.11," 7.12 and 7.13) sho\o[ hm\" the panel interpreted the samples' colours. 
Linthorst, Plumrose and Ye Old Oak '''ere scored at GuO, 5.0 and 5.5 
respectively for ｰｩｾｴｮ･ｳｳ＠ and 0.5 for brownness. Other samples were 
scored 1.0 for browriness and between 3.0 and 5.0 for ｰｩｾ｣ｮ･ｳｳＮ＠ Samples 
at the end of the pinl<:ness range, Spam and Linthorst (3.0 and 6.0 
respectivel)r) received lmv acceptability scores whilst those \·Tith scores 
in the middle of the range were acceptable. No linear correlation was 
found between the two sets of results, colour and acceptability. 
However, a linear relationship was established between Gardner :a• 
values and the scores from Form 13 for pinkness, (Figure 7.15) which 
indicated that the panel '"ere giving good colour grades for the samples, 
but that in judging acceptability using Form 2, they \vere including 
other appearance factors as \\'ell as colour, such as meat and fat 
particle size and distribution. 
ｬｾＧｯｲｭ＠ l1: was used to provide more detailed information (Figure 7. :l6) 
Linthorst \vas seen to have acceptable colour and general appearance, 
but unacceptable meat and f'at particle size. Sainsbury also had accept-
able colour scores yet unacceptable meat and fat particle size, such 
that the general appearance \vas unacceptable. Dutch Fine Fare had an 
unacceptable colour, general appearance and fat particle size. Hm,rever, 
its meat particles were ｡｣｣･ｰｴＺｾＮ｢ｬ･＠ in size. Danish Fine Fare \\'as 
; .acceptable ｦ･ｮｾ＠ all categories except fat particle size, and Plumrose and 
I 
Unox were found to be desirable for all categories. 
'!'here is no indication \vhether the colour '"as too pinl..: or too pale or 
the particles too large or too small, so Form 5 ,.,as used to investigate 
this further. (Figure 7 .17). Plumrose received average scores .for 
colour, meat and fat particle size, but \vas thought to have a slightly 
'too heterogeneous' appearance. Linthorst und Dutch Fine Fare were 
considered to be pinker . than average, while Danish Fine Fare, Sainsbury 
and Unox were considered to be less pink than average and too little 
pink to be acceptable. The assessment of meat partie le size sho\ved 
t.hat ｌｾｮｴｨｯｲｳｴＬ＠ both Fine Fares a.nd .Sainsbury had rather small meat 
partie les. Unox \'las considered to have average sized partie les. The 
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assessment of purtic lc c1ze ｛ｾｨ｡ｷ･､＠ ｴｨｾｴｴ＠ Linthorst, Danish Fino Fare 
and Sainsbury had rather large fat particles, between 6-10 mm diameter, 
\o:hereas in Dutch Fine Fare they were too Slllnll at 1 mm diwneter.. Unox 
had average ｳｩｾ･､＠ particles. The ｡ｳｳ｣ｳｳｭ･ｾｬ＠ of general appearance was 
divided into a choice of too homogeneous, avcraue and too heterogeneous. 
Linthorst and Unox were average, Danish Fine Fare was thought to be too 
heterogeneous and Dutch Fine Fare and Sainsbury too homogeneous .. 
Panel assessments carried out using Viewing Fonn 7 (Table 7.5, Figures 
7 .18, 7 .'19, 7 .20) sho,.,..ed that Donald Cook and Plumrose ,,•ere considered 
to have meat particles that ,.,..ere just right, by all of the panel. The 
majority of the panel considered that ｾｬｩ､ｬ｡ｮ､＠ meat particles were just 
right, although a third o.f the panel considered that the partie :..es ,,·ere 
too small. Half of the panel considered Co-op and Spam samples to huve 
meat particles that \vere just right; although half of the panel consid-
ered the meat particles in Co-op to be too small, '"'bile half of the 
panel considered the particles in Spam to ｢･ｾ＠ too large. t>leat particles 
were considered to be unevenly distributed in Co-op, Plumrosc, Tudor 
Queen, Unox, 'valls and Ye Old Oak products.. The panel considered that 
there '"'ere too few meat particles in Celebrity, De,vfresh, Fine Fare 
(Danish), Tudor Queen and by a small ｮｵｭ｢ｾｲ＠ of the panel in Co-op, Hid-
land, Unox, Ye Old Oak and ｓｰ｡ｭｾ＠ Of these samples the same panellists 
considered that there \ver.e too many meat particles in Co-op and Unox. 
The majority of the panel considered that Dewfresh and Tudor Queen had 
meat particles that were too small, and some of the panel considered 
Celebrity, Fine Fare, Nidland, Plwurose and Ye Old Oak to have small 
. particles. Occasionally the panel ,,•as again divided, e.g. 15% of the 
i 
panel considered the Y.e Old Oak particles to be too large. Thus the 
..., 
panel response to the meat particles in the product v•as rather compli-
cated and several contradictions were made. 
Fat particles ｾ･ｲ･＠ assessed similarly. 'Just right' scores were given 
to Plumrose, Co-op, De,.;fresh, Fine Fare, Hidland, Donald Cock, Tudor 
Queen, Unox., ｜ｾ｡ｬｬｳ＠ and Spam. The particles \vere considered to be too 
large and too many in Unox, Spam, Donald Cook, Fine Fare, Plumrose n.nd 
Ye Old Oako One third of the panel considered that there Here too many 
particles in \1alls and half considered there were too fe'''• Dewfresh 
,,as considered to have particles \vhich \vere too large. The panel con-
sidered that there \'/ere too fe,·l particles in 'l'udor ｃｾｵ･｣ｭＬ＠ ｜ｾ｡ｬｬｳＬ＠ Hidland, 
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Yc Old Oak, Co-op, Plumrosc, ｄ｣ｾＧ｜ﾷＺｦｲ･ｳｨ＠ and Celebrity>) Celebrity, Co-op 
and Midland were thought to have particles that were ｾｯｯ＠ small. The 
fat particles '''ere thought to be unevenly distril)uted in Plumrose, Dew-
fresh, Donald Cook and \valls. 
The panel seemed unable to agree on their assessment of particle size 
aceeptability. hhereas some panel members considered the fat particles 
of certain samples lo be 'just right 1 other panel members considered 
them to be 'too small' and yet other members considered them to be 'toe 
large'· o If there \•!ere equal numbers of persons in the latter two ca te-
gories then it could perhaps be considered that the particle size wns 
satisfactory. If, hm1rever, there '\'as a majority of persons in either 
of those categories, the particles could be considered to be slightly 
'too small' or 'too large', ｜ｾｴｩ｣ｨ･ｶ･ｲ＠ was appropriate. 
The detailed sample appearance data (Table 7o6) showed that the ｳ｡ｮｾｬ･ｳ Ｑ＠
ｐｬｕｬｭｾｯｳ･＠ and Co-op 1 \'lhich were considered to have meat partie] es \v·h:i.ch 
were just right were found to have an avcrnge particle size of 3.5 rnm 
and approximately 30 or more per slice. Other samples \'/ere classed as 
having too many particles or particles which \'/ere too large and on a 
closer examination it \'las seen that certain samples, Unox and Ye Old 
Oak had n'any large particles of one centimetre (1 em) diametery and 
\valls and Spam had some of a similar size. The group of samples \·,•hich 
'"ere classed as having particles \'lhich \'<'ere too small ami too fe,.,., 
\'lere found to have an average size of 2 mm and approximately 20 
particles per slice • 
. . 
; 
Comparisons of the samples '"i th Plumrose (Table 7. 7) showed that there 
.... 
\'/ere 9 samples \dth larger fat particles, 7 \'lith smaller fat particles·, 
6 with larger meat particles, 9 with·smaller ment particles, 9 were 
pinker and 2, \valls and Danish Fine Fare, \\•ere \rery similar. ＧｬＧｨｵｾ＠ if 
Plumrose, \valls and Danish Fine Fare are considered to have very 
desirable qualities they could be pictured at the centre of an 
'acceptability globe 1 \'lith samples of lm.,er desirability radiating 
outl,•ards in the directions of varying particle size and distribution 
plus a colour factor, and into th.is network, laboratory samples could 
later be inserted. 
-----., . 
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Although \valJ.s and Danish Fine Fare samples appeared to be aR a.cceptahle 
as Plumrose in mu] tisample comparisons, Phmtrose witS preferred when 
paired sample comparisons Ｇｾﾷ･ｲ･＠ carried out using F'orm 8o 
Hesults of the nitrite and nitrate analyses showed tJ,at only small 
amounts were present which '"ere \'iell belm1 the legal maximum penni t ted 
level. Less than 10 ppm nitrite and 100 ppm nitratH '"'ere found in all 
the samples. These·were similar to residual nitrite levels found in 
certain laboratory prepared samples. (Chapter 9) o 
Erythrosine \vas found to be present in most commercial samples by thin 
layer chromatography, and \ms a;.so identified by its characteristic 
absorption peak seen on the refle..:tance spectre-to Laboratory samples 
were later made with erythrosine (Chapter 10) and colours close to 
various commercial samples '''ere obtained \'lhich depended on the amount 
of erythrosine present (e.g. high level - Lyric, Low levels - ｄｾｮｩｳｨ＠
}"i'ine F'are) but this \'las also affected by the cured meat colour. 
7.4: Discussion 
It \'/as seen that commercial samples encompass such a variety of 
different shades of pink, and different. appearances, that fm.,r guidelines 
could be follm'led for the laboratory prepared samples. Hmll'ever, it l\'as 
clear that if a laboratory sample , .... as similar to Plumrose, \valls or 
Dutch Fine Fare it would be very acceptable. If it was different from 
these, then there was sufficient variation among the ｣ｯｮｾ･ｲ｣ｩ｡ｬ＠ samples 
that it could \'/ell be compared to diff'3rent commercial samplES and so 
ﾷｾｳｴｩｬｬ＠ be acceptable since technically all commercial samples must be 
acceptable to be sold• 
... 
7.5 Conclusions 
(1) The area of acceptable colours were found to lie between C.I.E. 
co-ordinates x = .353 to x = .398 and y = .319 to y = .348 and 
Gardner 'a' values a= 6.7 to a= 13a8o ｔｨｾｭｯｳｴ＠ acceptable 
colours were in the region x = .366 to x .368 and y = .335 to 
y = o338, and between Gardner 'a' values 8 - 10. 
(2) The range of meat particles varied from 1 to 10 mm diameter and 
between 15 to over 30 per slice ｾＰ＠ sq. em.). 
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(3) I"at particles varied from 1. to 12 nun ､ｩｮｭｬｾｴ･ｲ＠ and frr:mt It: to 30 
per sliceo 
(h) The more acceptable appearances had meat particle ｳｩｺ＼ｾｳ＠ of 3-5 mm 
diameter and over thirty per slice and fat particles sizes of 
5-6 mm diameter and approximately ｴＧｾ･ｮｴｹ＠ per slice. 
(5) Plumrosc ,,•as found to he the most acceptable sample although 
Danish Fine Fare and Walls were also very acceptable • 
. . 
ｾ＠
---. . 
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ＭＭＭＭｾﾷ＠
The Effect of Diffm·cnt Chopping Procedures on ,Luncheon Neat ａｰｰ･ｮＮｬｾ｡ｲｬﾣＮﾣ＠
and ;\cc_s.nte,bilitx_ 
8.0 Introduction 
The sur,rey of comme1·ciul luncheon meats indicated that the)r have 
different appearances as regards meat and fat particle size. It \¥as 
knm,•n that in the design of a luncheon meat's appearance one can 
achieve either homogeneity or heterogeneity by control of the length of 
time and speed of chopping given to the ingredients, and the order of 
ｴｨｾｩｲ＠ addition to the bowl chopper. 
In this section a standard recipe was used and diffeJ'ent chopping pro-
cedures were followed, which resulted in very different looking 
productso Panel assessments were carried out to demonstrate the range 
in acceptability that resulted. 
8.1. ｅｸｰ･ｲＺｩｴｬｽｾｅ｟Ａ＠
Ten luncheon meats were prepared as described in Section 5.1 using 
variations in chopping procedure as ｳｨｭｾｮ＠ in Section 5. 7 .3. The recipe 
Nco 1 used \\'as follm.;-ed (Table 5.1) \'lith e.n input 100 ppm sodium nitrite 
to give approximately 2pprn residual nitrite after processing. No 
artificial colouring matters ,,•ere added except for procedure A, where 
the colours used were given in photograph 5 and the effect of variation 
in chopping procedure is still apparentD Panel assessments "'ere caJTicd 
.-,out using viewing Fonns 6 and 7 follm'ling the conditions given in 
Section 5.3. 
-.. 
8.2 ﾷｒ･ｳｵｬｴｾ＠
Of the luncheon meats prepared by different chopping procedures, 
Samples 'A' and 'H' v:ere more heterogeneous than the other samples. 
'A 1 had lat·ge fat particles over 1 em in diameter· and smaller meat 
particles. Sample 'll' had many meat and fat particles of up to 5 mm 
; diameter. Samples 1 I3 1 , 'G', 'I' and ＧｾＧ＠ had very ｨｯｭｯｧ･ｮ･ｾｵｳ＠ appearan-
ces. Samples 'C', 'D' 1 'E' and 'F' had a few large meat particles on a 
homogeneous background. ｓ｡ｾｰｬ･＠ 'A' had similar sized fat particles to 
Dana but did not have so much 'background' material. Samples 'B', 'G', 
'I' and 'J' '"ere similar to i11..'1ny of the luncheon meats ,.;-ith a more . 
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homogeneous ＮＺｾＮｰｰ･｡ｲＮｊＮｮ｣･Ｌ＠ Lyric, Dutch Fine F<:\re\ Co-op, Tesco, 
Celebrity, Linthorst nnd Sainsbury.. Sample 1 ll' was simi la.r in 
appearance to Plumrose, Danish Fine Fare, Harks anct Spencer Chopped 
Ham and Pork, Ye Old Oak, Donald Cooko Samples 'C', 'D', 'E' and 'F' 
wet•c ·similar to products \vi th a more homogeneous ｢｡｣ｫｾｊｲｯｵｮ｣ｬ＠ nnd only 
a fe,,r large meat partie les.. Examples of this are Sainsbm·y, \Valls, 
Dewfrcsh and Unox. 
The colours and appearances of the set of luncheon meats are illustrated 
in photographs 5, 6, 7 nnd Ｘｾ＠ and colour measurement results are given 
in Table 8.1., Panel assessment results of vimvino Forms 6 and 7 are 
given in Tables 8.2 and 8.3 and Figures 8 .. 1, B.2, 8.3 and 8.4 and lhe 
meat and fat particle appearance data in Table ＸＮＬｬＮｾＺＬ＠ 'dth a summary of 
the various chopping speeds and times. 
8.3 Inter:r2.retation of Hesults 
The Colour ｐｨｯｴｯ｟ｧｲｫ｡ｰｨｾ＠
Photograph 5 shows snmples made by pl'ocedure r·,, Dana luncheon meat and 
St. Hichael Chopped Ham and Pork.. The laboratory prepared sample 
containing nllura red and nitrite '''as similar to the latter sample as 
regards its colour and heterogeneity \vith large meat and fat particlesc 
The Dana sample was pnler and had fe,,rer meat particles which '"ere nlso 
smaller, but the fat particles Ｇｾ･ｲ･＠ similaro Other laboratory prepared 
samples shown here, which \'<'ere made by procedure .r'\. were paler in colour 
clue to the absence of ｮｩｴｾｩｴ･Ｌ＠ but had the same meat and fat particlo 
appearances. Photograph 6 illustrates the colour and appearance of t\\•o 
ﾷﾷｾ｡ｭｰｬ･ｳ＠ made by procedure B and three commercial samples.. The samples 
made . by procedure B had a very homogeneous appearance ＧＧｾｩ＠ th small meat 
and fat particles but it ｣ｾｮ＠ be seen that Fine Fare (Dutch), Co-op ｡Ｑｾ､＠
Tesco samples had similar sized meat particles. The Dutch Fine Fare 
sample had larger fat particles tlk1. t the other samples, but othcndse 
there \'/ere no significant differences. Photographs 7 and 8 shm,· 
examples of luncheon meats made by Procedures C -· J. In photograph 7 
it can be seen that ｳ｡ｭｰｬ･ｾｾ＠ had some large meat particles \'rhich ,,•ere 
; unevenly distributed, \'lhile samples 'D' and 'E' had fe,-:er large meat 
partic·les \'ihich i,•ere unevenly distributed. A 11 of the four samples had 
numerous small meat and fat particles. In photograph 8 samples 'G', 
1 I' and· 'J 1 all had very similar sized meat and fat particles '""hich 
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were small and numerous.. Sample 'll' hB.d. a heterogeneous ｡ｰｰ･｡ｲ｡ｮ｣･ｾ＠
Comments on the appearance characteristics as shown in the photographs 
were swnmarised in Table 8.4o 
The CQ.lour ｈｾ ｡ ｳｵｲ｣ｭ･ｮＧｦＺ＠ ｄ｡ｪＺｾ＠ shown in Table 8.1 sho\'1' that the luncheon 
meat colours lay between the Cei.E. x, y co-ordinates x = .357 to .372 
and y = .320 to .31}7 \\"hich ar-e \dthin the range of acceptable colours 
x = c353 to .398, y ·= • .3 ·11 to .348 obtained in the survey on commercial 
luncheon meats. The Gardner 'a' values which gave a good inrlication of 
pinkness were found to range from 7.9 to 9.3 \'lhich is again within the 
range of acceptable colour. 
Due to the difference in meat and particle size of the samples it \vas 
difficult to compare ·the sample colours by measurement because of the 
problems in instrtm1ental measurement. The Beckmann measured only a 
very small area of sample, approximately it mm, and the Gardne1· measured 
on·ly 1 ern of sample, so that if a large fat particle came under the 
area of measurement, the whiteness of the fat influenced the pinkness 
measurement of the instrumento 
Panel Assessment Results 
It is seen from 'fable 8o2 and J_.""'igure 8.1 that the panel gave a range of 
colour scores using Form 6 despite the fact that theoretically the 
samples were all the same colour because the same amount of soditun 
nitrite '""as used for each,· ｾｮ､＠ no permitted colouring matters were used. 
·rhus it must be the distribution of the meat and fat altering the 
' ,samples 1 appearance, superimposed on the slight natural variations in 
colour, which affected the panel's decisions. 
·. ｾ＠
The panel expressed appearance characteristics as good, too homogeneous 
or too much .fat. Sample 'H' , ... as considered to have a good appearance 
by the majority of the panel, but the remainder of the· samples were 
considered to be too homogeneous except sample W .which had too much 
fat. 
ｒ･ｳｵｬｾｳ＠ of panel assessments using Form 7 are shown on Table 8.3 and 
Figures 8.2, 8.3 and 8.4. Procedure A gave a ｬｵｴｾｨ･ｯｮ＠ meat with over 
thirty .fat particles per slice of approximately 10 nun diameter and 
only a fe\'1 distinguishable mefl-t particles of h. nun diameter. This gave 
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the product a 'fatty' appearance, the po.ncJ. felt t.hnt ｴＮｬ｡ｾ＠ :fnt pnrticles 
were too nwnerous and too large nnd the meat particles too few and too 
small. Procedure U produced a SMiplc with over thirty meat particles 
of approximarely 2 mm diameter, and fifteen fat par·ticlcs of approxi-
mately 2 mm diameter. The meat particles \K:re considered to be too few 
and too small. Ｖｾｾ＠ of the panel considered that the fat particles were 
too small ·and too scarce but ｬＱＰｾｾ＠ of the panel considered the fnt parti-
cles to be just right. Procedure C resulted in luncheon meats with about 
fifteen meat and fat particles per slice of approximately 3 mrn dinmeterco 
The panel considered that the product looked too homogeneous as the meat 
and fat particles \vere too few and too .small. Samples from Procedures 
D and E had rather homogeneous appearances, but 30% of the panel found 
the appearance acceptable. The.! ｬｾ･ｭ｡ｩｮ､･ｲ＠ considered the meat and fat 
particles to be too small and too ｦ･ｾＧｬ＠ ,.,.here there ,,·ere over thirty meat 
and fat particles of approximately 3 mm diameter and six meat particles 
of 10 mm diameter per slice. Procedure F' produced a product '1/i th 
approximately six fat particles of 3.4 ｾｮ＠ diameter and ten meat particles 
of 5 mm diameter per slice. ＱＰｾｾ＠ of the panel found this acceptable but 
Bb% considered that it looke'd too homogeneous. Procedure G resulted in a 
product \V"i th small meat and fat particles of about 2 .. 3 nun in diameter and 
only ten of each \'/ere really visible per slice, the dominant factor was 
the homogeneous background material. The panel considered that tl1ere 
were too few particles and that both the meat and fat particles were too 
small. Procedure H resulted in a product with a coarser chop, the 
particles \vere larger. 5 nm1. and more prominant \'lith about 20 per slice. 
The panel found this appearance acceptable and it received ｾＰＹＶ＠ 'just 
; right' scores 'ihich compared w·ell \'lith commercial samples such as 
ｾ＠
Plwnrose.. Procedure I . and J both resulted in homogeneous appearances, 
small particles of 2-3 mm a fe\'1 larger meat particles and numerous small 
fat particles. The panel considered that the meat and fat particles 
\'/ere too small and there \'/ere too fe\'1 of them. Ho,,•ever, ＱＵｾＦ＠ of the 
, ' panel considered these chops acceptable. 
From the results it '''as concluded that samples with more than 20 fat 
particles per slice or \'lith fat particles over 5 mm diameter, \vere 
considered to have too much fat.. If ｾｨ･＠ meat particles \\•ere less than 
3 mm diameter the product \\'US considered to be too homogeneous. 
F,ffcc.t of Ch2 .. r.P:i.nq Proee_0.ure on Srunnle ａｰｰ･｡ｲ｡ＡＲｅ｟ｾ＠
Both the knife and bowl rotated twice as fast at the fast speed setting 
as at the slov1 speed setting so it Hou.ld be reasonn.ble to expect that 
the combined effect of the increase in knife nncl bm·Tl speeds on the 
degree of commir:lUtion '\vould be four times greater at the fast than tlw 
slow· settings and the time taken to reach the given degree of comminution 
at 'fast speed would be a quarter of that needed at the slow ｳｰ･ｾｾ､＠ ｳ･ｴｴｩｾＱｧＮ＠
In comparing the effects of different chopping times at fast and sloH 
speed on the comminution of the product, the chopping times at the fast 
speed were multiplied by four to give their equivalent times nt slow 
speedo It can be seen from Table 8.'* that when the fast speed action of 
the chopper is considered to be f'our tinw:; that of the slmr speed action, 
then total chopping times varied from Ｖｾ＠ minutes to ＱＲｾ＠ minutes. 
Sample A given Ｖ ﾷ ｾ＠ minutes \•m.s very heterogeneous and Samples D, C 1 D, E 
and F given over 10 minutes chopping time were very homogeneous. Yet 
Sample J given 7i minutes chopping time, i.e. the second shortest chop 
Ｇ｜ｾ｡ｳ＠ rather homogeneous as \vere Samples G and I ,,,hich \\'ere given 9·} min-
utes. Sample H at 8t minutes had an acceptable heterogeneous appea1·a.nce. 
It appears that factors other than the total effective chopping time, 
such as the actual percentages of the amounts of lean or fat put into the 
chopper, for different times '"ere also important. 
Comminution of the Heat 
The chopping procedures \'/ere varied around b'lo main principles. The 
first \vas that most of the· meat '\vent into the bO'\·tl chopper early, with 
the salt and '\.Yater to give the maximum solubulisation of proteins. 
',Other ingredients such as the nitrite, colouring and spices also Ｇｾ･ｮｴ＠ in 
･｡ｲｬｹｾｾ＠ be well dispersed. However, it is seen that when &11 of the 
meat \vas put in together i _t became chopped into very small pieces ｡ｮ｣ｾ＠
the product had a homogeneous appearance even ,.,..i th a short chopping time 
(Sample J). 
In other experiments a certain percentage (5 to 20) of the meat \vas 
added at a later stage so that that meat remained in larger pieces and 
; gave the product a more 'meaty' appearance. The danger here, \·las that 
the binding properties of the product ,.,..ould be reduced as less solubul-
ised protein \'laS formedo However, the resulting products appeared to 
have satisfactory binding propertieso 
In Sample B 5% of the meat '\'las given a chop of ｾＭ minute at fast speed, 
equivalent to 2 minutes o.t slm,.. speed, a rather homogeneous product 
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ｲ･ｳｵｬｴ･､ｾ＠ with small meat pieceso In Sample D ＱｾＦ＠ of the meat was 
given a chop of 2 minutes at fast speed, equivalent to 8 minutes at 
s lm'l speed, and again the meat partie les resulted as very small, bu.t 
numer·ous o In Sample A 10% of the meat added at the end \vas given a 
chop of 2 minutes at slow ·speed and satisfactory meat pieces resulted. 
In Sample G 20% of the meat was added at the the end and given a chop 
of.i minuteo This was equivalent to 2 minutes at slow speed and yet 
the meat pieces quickly became broken up at this speed rather than res-
ulting in the sizes seen ld th Procedure H o In ｓ｡ｾｲｯｰｬ･＠ H ＲＰｾｾ＠ of the meat 
was added at the end and given a chop of 2 minutes at sl0\'1 speed and very 
satisfactory clear meat pieces were found in the final producto In 
Sample ｃｾ＠ E, F, I and J the meat \ias chopped for the full length of time 
\'lhich ranged from 7! to 11-k minutes effective total chopping times, and 
the meat particles in all these samples "''ere too small and very numerous, 
giving a homogeneous appearancep 
Comminution of the Fat Particles 
The second main principle upon \vhich the chopping procedure \'las based \'las 
that ideally the fat should be given the least amount of chopping as 
possible, so that the \tJ"alls to the fat cells \'>'oul.d not be damaged and 
free lipid '"ould not be releasedo If the fat is over chopped and the 
cell \'lalls are broken, free lipid is released into the product ｜ｴｾｨｩ｣ｨ＠
eventually escapes and causes a fat loss, thus reducing the product volume 
and ,.,eight and qualityo In Sample A a traditional Food H.A. recipe \vas 
followed ,.,here 25% of the fat \'las chopped at both speeds for a total of 
Ｓｾﾷ＠ minutes .(61; total effective time) and 75% given a chop of 2 minutes 
.,at ｳｬｭｾ＠ speed. The resulting product had large undesirable fat particles 
because so much of the fat \'las given only a short chop at slo\'1 speed. In 
ｾ＠
Samples ·n, C, D, E and F the fat \'las chopped for 2 minutes at fast speed 
(i.e. 8 minutes total effective time)' \vith various times at slm'l speed, 
and small particles \'iere formed. In samples G, I and J the fat \faS 
chopped for 1 minute at fast speed (4 minutes total effective time) and 
i minute at slmv speed, small fat particles resulted. In Sample H the 
fat \•las divided up as \'las the meat. 8096 of the fat \'IUS chopped at 
1 minute at fast speed (i.e. /1: minutes total effective time) and 1 minute 
at slo\\• speed but ＲＰ［Ｇｾ＠ was only chopped for 1 minute at slmtl speed, meditun 
sized fat particles resulted. Nany of the panel found that Sample H had 
acceptable fat particles but others felt that the fat particles were too 
large. 
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It vms seen here as '''ell as with the work '"i th commercial luncheon meats, 
that the panel was influenced by the appearance of the luncheon meat 
chop and this affected their views on its colouro A product which had 
been coarsly chopped had large red pieces of meat and pieces of white 
fat which the panel considered a more 'meaty' and better quality product, 
thrin a. luncheon meat \'lith the same ingredients but a finer chop. 
This 'wrk demonstrates that the same ingredients given a ､ｩｦｦ＼ｾｲ･ｮｴ＠ chop 
produced a different appearance in the luncheon meat, >vhich affected its 
visual acceptability. The total chopping time had a direct bearing on 
the meat and fat particle size. A mix given a short chop resulted in 
definite meat and fat chunlcs, whereas one given a long chop had a ｭｯｴｾ･＠
uniform appearance \'lith very small pieces of meat and fat mixed togethero 
Several of the procedure variations involved the addition of a proportion 
of the meat and fat at a later stage than the resto This small quantity 
which was given a slmv, short chop remained fairly chunk-like ,.,.hile the 
rest of the meat and fat gave the necessary matrix. 'l'hc chopping of the 
fat Ｇｾ｡ｳ＠ critical, as although large fat pieces ,.,ere undesirable, over-
chopping resulted in the breakdown of fat cells and the release of free 
fat \ihich affected the quality of the meat. and encouraged fat loss. It 
was necessary to reach a compromise and adequate chopping times were 
chosen. The salt and '"ater Ｇｾ･ｲ･＠ added to the meat at the beginning to 
give the maximum time for the meat proteins to become soluble and 
produce samples 'd th good binding properties • 
. . 
ｾ＠
8.5 Conclusions 
-.. 
(1) Similar coloured products had varied acceptability because of 
differences in product appearance. 
(2) A very heterogeneous appearance caused problems in colour descrip-
tion since both \'lhite and red colours \'fere visible. 
(3) Neat particles less than 3 mm diel}neter '"ere considered too small, 
Less than 20 particles per slice were considered too few but there 
appeared to be no upper: limit on acceptable size and distribution 
(Area of slice - 40 sq. em.). 
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OtJ Fat particles bet\,Teen 2 - 5 mm diameter were acceptable, and more 
than 20 particles per slice ''Tere too manys but less than 15 \·,·ere 
too few. 
(5) Satisfactory product binding \'las achieved Hhen only 30% of the lean 
meat '"as gi\•en the full comminution timea 
(6) Chopping all the ingredients together produced unacceptable 
homogeneity. 
(?) To produce an acceptable appearance, a small percentage of meat and 
fat had to be added late in the procedureo 
(8) ,I'he fat needed a short fast chop to give ｳｭｵＮｬｾＮ＠ acceptable particles, 
a fe'" larger particles produced by slm" chopping of a smO\ll amount 
of the fat at the end ,.,e.re desirableo 
(9) After the late addition of meat and fat, high speed chopping pro-
duced unacceptable homogeneity. 
( 10) The most acceptable ｳ｡ｭｰｬ･ｾ＠ appearance \'las similar to that of the 
most acceptable commercial sample, Plumrose • 
. . 
ｾ＠
.. ___ "" 
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9.0 The ｅｦｦｾﾣ｟ｴ＠ of ｾｾＡＮｩｾｴｩｯｮ＠ i.n Sodil!m Nitrite Level on the Colour an£ 
ｾ｟ｅ｟ｰ･｡ｲ｡ｮ｣･＠ of Luncheon Neat 
Introduction 
Luncheon meat is a cured meat product and 0\\'Cs part of its characteristic 
colour to the presence of nitrite in the ｲ＼ｾ｣ｩｰ＼ｾＮ＠ The interaction of 
nitrite \dth the meat pigment myoglobins gives nitrosom)roglobin, respon-
sible for the typical cured pink colour of bacon, and on cooking nitro-
somyochromagen the pale pink colour of ham. Although nitrate is often 
used in commercial cures, its action is believed to be due to its 
conversion to nitrite during curing, so it was considered that the use of 
nitrite alone would give an adequate cure, yet provide controlled 
conditions. It might be expected that the quality of nitrite in a ｲ･｣ｩｰｴｾ＠
would affect the amount of pigment conversion and the stability of the 
cured meat pigment, so a range of nitrite levels was used in luncheon 
meat and the resulting colours investigated. 
Hany commercial luncheon meat spice mixtures include ascorbate ｢･｣｡ｵｳＨｾ＠
it has been claimed to influence cured colour development and stability. 
This effect \'las investigated. 
9.1 Experimental 
Luncheon meats \vere prepared as described in Section 5.1 using 
procedure H and recipe 1. Nitrite and &scorbate were used as indicated 
ln Table 9.1, but ·no added colouring matters were used. Colour measure-
ments 1 colour photographs, panel assessments and nitrite analysis \vere 
-. 
carried out as described in Chapter 5o 
The samples containing variations in nitrite and ascorbate indicated in 
Tables 9.1 and 9o2 had very similar acceptable col6urs and appearances 
with the exception of the samples containing very lo\'1 nitrite levels. 
Small batch variations 'qere noticed and so there \vere differences in 
measurements and assessment results, but these were insignificant in 
comparison \'lith major formulae changes which had some real effect on 
colour ahd appearance seen in Chapters 8, 10 and 11. 
- 83 ·-
The samples containing 10 and 15 ppm input nitrite ,,·are brm..-a immedi.:ttely 
after processing, but colour development continued in the can 'd th a 
gradual increase in pinkness, so that after 12 hours t.he samples were as 
pink and acceptable as the snmples containing higher nitrite levclso The 
samples containing 2.5 and 5.0 ppm input nitrite behnved similarly but 
complete colour development '"'as not achieved and brm,'ll patches Ｌｾﾷ･ｲ･＠ visible 
in the final product. The sample containing 10 ppm n:i.tr·ite in the prcscncG 
of ascorbate developed an acccpt.:tble pink colour during retorting. 
The colours and appearances of the samples are shown in photographs 9, 10, 
11, ·12 and 17. Colour measurement results are shmnl in Tables 9.1 and 9.2 
and Ii'igures 9.0.,1, ＹＮＰｾＲ＠ and spectral reflectance curves in Figures 9.1.0 
to 9.1.5. Panel assessment results are shoM1 in table 9o3 and Figures 
9.2.0 and 9.2.1. The relationship between level of nitrite nnd colour 
given by Gardner 'a' pinkness values ,,•as shown in Figure 9.2.2 .. 
9.3 Inte!.l!££tation of the 13esults which are in the appendix. 
Colour P!_!otcw.r.nphs Ｙｾ＠ 10, 11, 12 and 1? shm...- ｓ＼ ﾷ ＺｾＮｭｰｬ･ｳＧ＠ colours and appea1·ances .. 
Above an initial nitrite level of 10 ppm and for the samples contnining 
ascorbate as \'lell as nitrite acceptable pink colours developed and the 
samples looked very similar. At a level of 5 ppm initial nitrite, a certain 
amount of colour de\relopment occurred but the sample appeared patchy with 
brown areas \'lhere colour development had not taken place among the cured 
pink areas. At 2.5 ppm initial nitrite, ｴｨｾ＠ sample had fC'\i cured pink 
patches but \'fas mostly the brmvn uncured meat colour which is seen in the 
sample ,.,i thout added ni ｴＱｾｩ＠ te • 
. . 
' 
Colour. Neasurcnient Hesults (Tnbles 9a1 1 9o2, l''igures 9.0.1 and 9.0.2) 
support the above photographic obsnrvations that there \'/as little variation 
in the srunple colours, and these were all acceptable for initial nitrite 
levels above 10 ppm and all ascorbate combinations, \'lith C.I.B. x, y values 
ranging from X= .360 to o370, y = .333 to o3h8, and Gardner 'a' values 
between 6.8 to 9.1. 
ｾｯｬｯｵｲ＠ measurements were compared with nitrite levels (Figures 9.0.3, 
9.0.4 and 9.2 .. 2) but no linear relationship appeared to exist. 
The samples containing an initial level of nitrite of 2.5 ppm and 5.0ppm 
with C.I.E x, y values of x ］ｾｾＵＷ＠ y = .347 and x = .35h y = .332 respec-
tively, were close to the boundary of acceptable colouro 'fhe 'a' values 
- ＸＱＮｾＺ＠ .. 
\'/ere l!o 1 and 6o9 !-espectively.. The former '"as ｾｪｵｳｴ＠ bnlO\\' lhe minimum 
acceptable level, and the latter was just inside the limito 
It was particularly difficult to measure all these sanvles on the Gardner 
colorimeter because the cured colours faded rapidly under the influence 
of the light source, despite precautions to eliminate air from the pack 
and ·to minimise the time that each srunplc \\'as e::..rposec.l to air during 
ｳｾｩ｣ｩｮｧＮ＠
Spectral Reflectance Curves 
Similar reflectance curves are seen for the samples containing initial 
nitrite levels above 10 ppm and for all ascorbate combinations (Figures 
9.1.1 to 9 .. 1.5). These shm-r absorbance in the green part of the spcctrurn 
corresponding to the pink colour of the cured meat pigments. Samples 
containing 2,5 and 5.0 ppm nitrite initially have a typical curve 
showing \•:eaker reflection in the red part of the spcctrwn. (Figure <).1.0). 
Panel Assessment ｒ･ｳｵｬｴｾ＠
Results from Form 3 are in Table 9.3 and Figure 9.2.1 and shm-r that the 
samples containing initial nitrite levels of over 10 ppm were acceptable 
to the panel and received colour ｾ｣｣･ｰｴ｡｢ｩｬｩｴｹ＠ scores of 1 2 1 using 
Form 3. 'fhe sample initially containing 2.5 ppm nitrite \-ras unacceptable 
and received a score of 1 0', and the sample initially containing 5 ppm 
nitrite recehred a score of. 1 1.5' so '\'as therefore a little below the 
level of acceptable colourco The standar·d, Plumrose, '''as given scores of 
ｾＳ Ｑ Ｌ＠ (like) for all categories. The panel 'liked' the fat particle sizes 
I • . 
ｾｦ＠ the samples . and gave scores of '3', hm.,.ever the meat particles 
receive'U scores of 1 2 1 and '3' for samples above 10 ppm nitrite input, 
but only 1 1 1 for samples 'dth 2.5 and -5.0 ppm nitrite. In the latter 
cases it would appear that the paleness of the colour gave meat particles 
which lacked acceptable cured meat colour and so the meat particle size 
and distribution and overall appearance was considered to be unacceptable. 
The samples containing ascorbate and above 10 ppm ｾｬｩｴｲｩｴ･＠ received very 
similar scores of between 2.3 and 2.6 and were all acceptable. 
Results' from Form 6 (Table 9.3,, and Figure 9.2.0) shm·r that above the 
threshold input level of 10 ppm sodium nitrite, the samples had accept-
able ｰｩｾ｣ ﾷ ｣ｯｬｯｵｲｳ＠ and the majority of the panel considered the samples' 
colours to be ｧｯｯ､ｾ＠ The prop;;rtion of the panel who considered this, 
variHd from ＶｯｾｻＮ＠ to ＱＰＰｾｾ＠ s ,o,ri th some mi ｸ｣ｾｲｬ＠ ｶｩ＼ｾＧＭｾＧｳ＠ frnm the ｲＨｾｬｬｬ＼ｬ＠ inder ｾ＠ and 
both 'too pink' and 'not pink enough' ,,•ere indicated., The majol-i ty of 
the panel found the appearance of these samples to be acceptable, and 
chose the 'good 1 category. How·ever, the panel considered thu t the t\vo 
samples containing less than 10 ppm nitrite initially \\'ere not pink 
enougho All of the samples containing ascorbate and nitrite were 
considered to have a good colour and a good general appearanceo 
9.4 Discussion 
The level of nitrite in the product affected both cured colour development 
and cured colour stability.. At very l.O\i leveJs (2 .. 5, 5.0 ppm input) 
unacceptable colours resulted, because there were insufficient nitrite 
ions to react with the meat pigments nnd give adequate cured colour 
development. It is difficult to e:>..··plain \vhy at levels of 10 and 15 ppm 
nitrite input, very acceptable colours were observed 12 hours after 
processing, yet the product colours were brown and apparantly uncured 
immediat.ely after processing. This phenomena \'las also seen by Taylor 
( 1960). Ｇｾｨ･ｮ＠ ascorbate was present, hm\·ever i cured colour development 
took place during processino at these levels of nitrite. 
Colour stability \'las examined in Chapter 12 but it i.s clear thnt colour 
stability is improved ,.;i th increase in ni 'lri te level o (Samples containing 
10, 15 and 20 ppm input had less stable colours than those containing 50 
to 200 ppm input. (Table 12.3.2 Figure 1.2.3o2)) 
9.5 Conclusions 
ｾｾＩ＠ As low as 10 ppm added nitrite produced acceptable pink cured meat 
c o.J. o.urs • 
(2) Luncheon meats containing 10 - hoo ppm added nitrite gave almost 
equally satisfactory cured colouro 
(3) At levels belmv 10 ppm added nitrite, cured cblour development was 
incomplete. 
UtJ Us,ing combinations of nitrite and sodium ascorbate in the ranges 
10 to 50 ppm nitrite ｡ｮｴｾ＠ 0 to 200 ppm sodium ascorbate acceptable 
｣ｵｾ･､＠ meat colours \'lere produced. 
(5) These variations in nitrite and ascorbate had no effect on colour 
development. 
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'fhe Use of Colour:i.nq Hatters in Luncheon Heat 
10.0 Introduction 
It has been shmvn that acceptable luncheon meat colours are produced 
using sodium ni tri ｴｾ＠ to cure the meat. llo\\'ever, this colour is 
rather unstable to 1 ｩｾｊｨｴＬ＠ especinlly at ｬｭｾｔ＠ nitrite levels. '!.'he fear 
of nitrosamine formation in such a product has led to the ｳｵｧｧ･ｾｴｩｯｮ＠
that minimal nitrite levels should be used, and there is the 
ｰｯｳｳｩ｢ｾｬｩｴｹ＠ that it may be banned. 
Permitted colouring ma·tters may be used to boost the natural cured meat 
colour, and both artificial and natural colourings were considered. 
Five red artificial colouring matters or their lakes are permitted at 
present, amaranth, carmoisine, ponceau l1H, erythrosine and red 2G. 
Alternative colouring matters include the red betalain plant pigments, 
cochineal or carmine and red iron oxide, whose properties were discussed 
in Section 3. 3. 
Of the five red permittr:.·d artificial colourings, red 2G and erythrosine 
were thought to be possibilities for colouring luncheon meat. Amaranth, 
ponceau 4H and carmoisine were thermally decomposed under conditions 
such as those encountered during luncheon meat processing (Goodall 1963) 
and so were considered to be unsuitable for the ｰｵｲｰｯｳ＼ｾ＠ required in this 
study. AJ.lura Red is used in meat products in America and at the tiine 
',of this study there is some speculation that it \Wuld be suitable for 
producj:s in the U.K. should it be permitted. For this reason allura red 
was ·also investigated as a possible colouring matter for ｾｵｮ｣ｨ･ｯｮ＠ meat. 
Although erythrosine is heat stable and therefore sui table ｦｯｬｾ＠ the 
product, it has poor light stability, so its lake form was investigated 
· and compared with the powder version. 
; The list o"f penni tted artificial colou.ring matters is getting shorter, 
and mo,re colouring matters are being critic ally examined \d th the 
possibility of their being excluded from use in foodso Hore attention 
is being focussed on the use of natural colouring matters to replace the 
synthetic ones. As was mentioned earlier, in Section 3.3, the \ddQ 
range of red betalain pigments cannot be used in meat products such as 
luncheon meat because of their instability to heat. 
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I :r·ot·l oxide has a possible use in 1 unc he on meat and 
in meat pastes already, ＧｾＱｩ｣ｨ＠ arc heat processedQ A study was carried 
out to irwestigate the possible use of red iron oxide u.s a colourin9 
rnatter in luncheon meat. Carmine is a nutui·al colouring matter obtained 
from cochinev.l. (Dup.'\igne 197/x, Fennessey 1933, Hottier 197!1:). .\.1 though 
carmine is not used in meat products it has a suitable colour and is 
reported to have good heat stability c The use of carmine Ｈｾｓ＠ a red colour-
ing matter for luncheon meat \vas also investigated. 
All of the colouring matters \\'ere used in the presence and absence of 
nitrite and the aim of the investigation \o,tas to find the most sui tetble 
colouring matter that could be used at its lowest level 'dth ·the minimum 
amount of nitrite to give acceptable product colour. 
tO. 1 Experimental 
Luncheon meat samples \'o'ere prepared using recipe 1, procedure:iA and H "'"d. 
seasoning 2 as described in Section 5.1. Levels of sodium nitrite and 
colouring matter were used in the amounts shown in Tables 10o1.1 9 10.2.1, 
· 10.3.1, 10o4o1, 10.5.1 and Figure 10.2.2. Panel assessments were carried 
out using the appropriate forms • Colour assessments were carried out 
using Forms 12 and l3o Colour photographs and measurements on the Deck-
mann and Un:icam spectrophotometers and Gardner colorimeter \'mre carTied 
out as ､･ｾ｣ｲｩ｢･､＠ in Section 5.4. 
10.2 Results 
Photographs 13 to 22 inclusive illustrate the appearances of the luncheon 
ｾＱ･｡ｴｳＬ＠ and a record of the sample colours is given using the Beckmann x, 
y Y ｲ･ｾｵｬｴｳ＠ and Gardner L a b results in Tables 10.0.1 to 10.0.5. 
Reflectance spectra are given in Figures 10.1.01 to 10.1.1q and a plot 
ｾｦ＠ x and y in Figures 10.0.1 to 10.0.5. Panel assessment results are 
given in Tables 10.1.1, 10.2.1, 10.3.1, 10.3.2, ＱＰＮＱＺｾＺＮＱ＠ and 10.5.1, and 
Figures 10.2.0 to 10.7.0 inclusive. 
10.3 Interpretation of the Results 
The Photographic Appearance of the Samples 
A ｜ﾷｬｩ､･ｾｹ＠ differing set of luncheon meat colours ,.;as produced as shm'/n in 
photographs 13 to 22. The samples containing nitrite \vere pinker and of 
a different hue to those \d thout nitrite. The samples containing 
erythrosine \vere pinker the h-i-gher its level, and at 100 ppm erythrosine 
the sample colours ,,.ere vivid pink. The other colouring matters \\'ere 
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heat sensitive .::ttu:l \-Jere rtffected by the ｨｲｾ｡ｴ＠ proc<-:sst resulting :i.n 
paler coloured ｰＱ ｾ ｯ､ｵ｣ｴｳＮ＠ In the absence of ni tri tc the colours '''ere 
pale and insipido Some patchiness was observed due to the difference 
in heat treatment between the centre and outer arens of the can. The 
outer areas quickly became hot, and more thermal decomposition of 
colouring matter occurred, than in the centre nf the can Ｌｾﾷｨｩ｣ｨ＠ '"as 
heated more slowly as heat was conducted through from the outside of 
the can. Because the colouring matters in the centre were not subjected 
to such high temperatures as in the outer areas of the sample ｭｯＱｾ･＠
colouring survived here and the overall sample colour appeared to be 
variable. 
Nitrite produced a cured meat background colour to the ｳ｡ｮｾｬ･ｳ＠ and 
enhanced the pinkness of the colouring matter. However, it appeared 
that the combination of the two produced samples of more intense colour 
than would have been expected judging the cured meat colour alone or the 
colouring matter colour without nitrite. 'rherefore more colouring 
matter appeared to survive the heat process in the presence of nitrite 
: than in its absence confirming the observations of Knowles et al (1971-r) ｾ＠
Samples containing neither colouring matter nor nitrite \'lere a pale 
brmmish ｾｯｬｯｵｲ［＠ at a level of 2.5 ppm nitrite they ,.,..ere slightly 
pinker and at 5 ppm nitrite a moderate pale pinl<.:. At levels of tO ppm nitrite 
and above in the presence and absence of colourino matters pinlc colours 
\\'ere formed • 
. ｾｔｨ･＠ Reflectance Spectra 
ｒ･ｦｬ･ｾｴ｡ｮ｣･＠ curves \'ler.e obtained \'lith high reflectance in the red part 
of the spectrum and lm'l rcflec tance in the green part of the spectrum. 
(Figures ＱＰｾＱＮＰＱ＠ to10.1.:l9). The samples containing nitrite had 
reflectance curves with steep shoulders b"ctween 600-650 run, \'lhereas the 
samples without nitrite had curves with more gentle gradients in this 
region. The sample containing erythrosine had very distinctive reflec-
tance curves ,.,i th a sharp absorption peak at 5l10 nm \\'hich is charac-
teristic of erythrosine. Tied 2G, allura red, carmine and red iron oxide 
also absorbed in the green part of the spectrum, but ,o,ri thout 
distinctive peaks. 
Colour Neasurement Results -----. · 
The wide range of pink to brm'ln colours of the sc.unples was shmvn in the 
C.I.l£. x, y results, obtained using the Deckmann spectrophotometer 
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(Tables 10v0.1 to 10.0.5 and Figures 10.0c1 to ＱＰｾＰｾＵＩｾ＠ The strong 
pink colours had higher :x. values and lmiCl' y values than the pale pink 
colours ·,dth lo,·r.x values and high y valt.ws. 'l'hus on plots of x against 
y the colours spread from the top left to bottom right portions of the 
graph·, using an expanded scale.. A line dra\Hl from the top left to 
bottom right connecting the ｳ｡ｮｾｬ･＠ areas, indicated increasing pinkness .. 
By superimposing the boundaries of acceptable colours established from 
the commercial sampie survey, x = .. 353 to .398, y = .. 319 to ＮＳｌＮｾＺＭＸＬ＠ it \vas 
seen \rllich samples either lay above the area and were too pale or below 
the area and \'l'ere too pinl.;:, or inside the area and ｴｨ･ｬｾ･ｦｯｲ･＠ acceptable. 
Sitnilarly a wide range of Gardner 'a' values indicated the range of 
degrees of pinl..:ness in the sample colours from pale pinks '":i. th low 1 a' 
yalues, to deep pinks with high 'a' values.. Dy comparinn the range of 
commercial sample 1 a 1 values it '"'as seen that samples \\•i th 'a' values 
bet\'leen 6.7 were too pale, and above 13.l.1: were too pink., 
'fhe C.I.E. x, y values for samples containing vari<;>us n.rtificial colour-
: ing matters ranged from X = o352 to o391, y = a299 to .348 and the 
Gardner 1 a 1 values rnnges from l1:.5 to 32.5 (Table 10.0.1) The sample 
containing neither colouring nor nitrite ,.;as too pale and it fell out ... 
side the range of acceptable colours, because its :x. value and its 'a' 
value were both too low. (Figure 10.0. 1). In contrast the samples 
containing erythrosine in the presence and absence of nitrite were too 
pinl<, their y values \'lere too lm'l and 'a 1 values too high (Figm-e 10. 0.1). 
The samples containing allura red and red 2G in the absence of ni ｴｊｾｩ＠ te 
,· )'lere rather pale and had high y values and lm,• 1 a' values. The sample 
ｾ＠
containing nitrite alone had an accept.r.t.ble pink colour. The effect of 
.. 
colouring matter in addition to the basic cured colour is seen from the 
colour measurements of the samples co·ntainino nitrite in combinations 
with allura red, red 2G or erythrosine. 
The range of C.I.E. x, y values for samples containinrJ a range of 
erythrosine levels but no nitrite was x = .362 to .389 and y = .303 to 
.359, and Gardner 'a' values 4.5 to 29.1 (Table 10.0.,3). The samples 
containing 0-5 ppm erythrosine were too pale and their y values too high 
hence they lay outside the acceptable region (Figure 10.0o3). However, 
only ｴｬｾ･＠ samples containing 0-'.3 ppm \'lere too pale ｪｵ､ｧｩｮｾ＠ by their 
Gardner 'a' values ＧｾＱｩ｣ｨ＠ were too low. Samples containing between 
5-20 ppm erythrosine had ｸｾ＠ y values within the acceptable range of pink 
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colours although the sample containing 5 ppm erythrosine had a y value 
close to the upper boundary and the sample conta ining 20 ppm erythrosine 
had a y value close to the lo,,·er boundary. The sample containing 100 ppm 
erythrosine had a y vnlue l"Vell ｢･ｬｭｾ＠ the acceptable linli t and its 
Gardn.er 'a 1 value ｜ｯｾ｡ｳ＠ ｜ｯｾ｣ｬｬ＠ above the acceptable lind t. The 1 a 1 values 
of the samples containing 15 and 20 ppm erythrosine were also higher th.c"ln 
the acceptable linlit. The Gardner 'a' values '""ere seen to increase 
ｰｬｾｯｰｯｲｴｩｯｮ｡ｬｬｹ＠ ｜ｯｾｩｴｨ＠ 'increase in the level of erythrosine (Figures 10.2.1 
and 1.0o2o3). The C.I.E. x, y values for samples containing combinations 
of erythrosine and nitr.ite varied from x = .355 to .391 and y = .299- and 
.332 and their Gardner 'a' values varied from a = 6.1 to 32.5. (Table 
10.0.lt:- ·and Figure 10.0.ll). The samples containing 20 ppm and 1.00 ppm 
erylhrosine '""ith 100 ppm nitrite were outside the acceptable pink colour 
range because their y values \vere too lm·,r and \d th that of 10 ppm m-yth-
rosine 100 ppm nitrite, their 'a' values \·lere too high; hence they were 
too pink. The sample containing 2.5 ppm nitrite and 2.5 ppm erythrosine 
had an 'at value belmv the acceptable limit so \\'"as not pink enough. All 
the other samples had acceptable pink colours, i.e. within the range 
: 2.5 to 10 ppm erythrosine and ＵｾＵＰ＠ ppm nitrite. 
The C .. I.Ee x, y \ralues for samples containing alternative colouring 
matters ranged from x = .356 to .382 and y 
'a' values for these samples ranged from a 
.338 to .355. The Gardner 
Lt:-.3 to 10.9. {Table 10.0.5 
Figure 10.0 .. 5). In the absence of nitrite the samples \vere pale in colour 
and their y values were above the acceptable range. The Gardner 'a' valua 
for the sample containing red iron oxide lay \'li thin the accc ptable region 
.·!>ut for the other two samples, containing CElnnine and erythrosine lalce, 
,• 
the 'a' values \\rere too ｬｯＬｾＮ＠ This ,.,rould indicate that the colour of the 
first ｾ｡Ｎｩｵｰｬ･＠ '"as a border line case, by one method of measurement it 
appeared to be too pale, and by a second method of measurement it '"as 
acceptable. The colours of the samples ｣ｾｭｴ｡ｩｮｩｮｧ＠ nitrite with these 
colouring matters were all acceptable. 
Panel -Assessment Results 
. Fonn 2 \ll'as used to obtain general acceptability results for most of the 
samplef> (Tables ＱＰＮ｜Ｎｬ Ｑ ｬＧｏ ｟ ｴｾＮ｜ Ｍ ｾｪｬｬＮＧｬ Ｂ ＮＢＱ＠ •. \1 10.L!:.1 and 10.5.1) .. In Table 10 • .J";.1 it 
is seen that of the samples containing various artificial colouring 
matters, only those containing 100 ppm sodium nitrite, (A), and 100 ppm 
sodium nitrite \vith 100 ppm r-ed ｾｾｇＬ＠ Ｈｉ ＼ ＧＩｾ＠ ,.;ere satisfactory in ｣ｯｬｯｴｾｲＮ＠
•. 9:l -
The othci- samples, \vhich ,.;e:re 'disliked (lJ, C, D, E) or 'unacceptable 
(G,H), could be unsatisfnctot·y because they Here too pale or ｢ＨＺｾ｣｡ｵｳ｣＠
they were too pink, but no indication could be niven usinn Form 2. 
Analysis of variance showed that there was ·a hiohly siunificant 
difference bebveen the samples (Figure 10.2.0) but that there was no 
linear relationship bctvmen the acceptability scores and pinkness 
ｳ｣ｯｲ･ｾ＠ (Figure 10.3.2) or Gardner 'a' values (Figure :10.2.h and 10.3.1). 
This was also fot.mcl'for samples of Set 10II (Figut·es lO.lL.l and 10.1,.2). 
In a detailed investigation of erythrosine levels, acceptability results 
(FigutAe 10a5a1) showed that the samples containing less than 8 ppm 
erythrosine had colours l'ihich were unacceptable or disliked. The samples 
containing 8-20 ppm erythrosine had acceptable pink colours especially 
the s.qmple containinn 10 ppm el-ythrosine. The sample containinn 100 ppm 
was unacceptable, hence the optimum erytlu·osinc levels in ｴＡｈｾ＠ absence of 
nitrite would appear to be in the region 8 - 15 ppm. No linear relation-
ship was found between these scores and pinkness 111easured as Ganlner ., a 1 
values, (Figure 10o2.6) nor to ppm erythrosine (Figure 10.5.6·) o In the 
presence of nitrite lower er)rthros ine levels ,,•ere ltcceptahle. (li'igut·e 10.6. ＺｾＩ＠
5 ppm nitrite, 5 ppm erythrosine \'r"il.S the .lmvest combination of levels of 
both ingredients with an acceptable pink colour, and 10 ppm ｭｾｹｴｨｲｯｳｩｮ･＠
100 ppm nitrite the highest. Out side this range the sample ｣ｯｬｯｵｴ ｾ ｳ＠ ｷ･ｮＺｾ＠
unsatisfactory because they were either too pale or too pink. Once again 1 
no linear relationshii) was found bet\.;cen thnse ｮｾｳｵｬ＠ ts and pinkness 
measurements, (Figure 10.6._.1). 
; _Individual assessment of the samples containing a range of artificiai 
I' 
colouring matters using Form 9 (Table 10.1..1) showed that the samples 
contai'"ni"ng Allura Hed and Hed 2G in the absence of nitrite, \vith the 
sample \vhich did not contain colouring matter nor nitrite, were unaccep-
table because they were considered to be too pale. 'l'he smnples contain-
ing ･ｲｹｴｊｵｾｯｳｩｮ＿＠ '''ere unacceptable because they \\'ere too vivid and too 
pink in colour. The samples containing nitritn \dth no ｣ｯｬｯｵｲｩｮｾｊ＠ matter 
or '"ith Red 2G or Allura Red lvere just acceptable although the last two 
samples had patchy areas of brighter colour. 
Form 9 ｜ｾｳ＠ also used to asses the colour of ｳｮｮｾｬ･ｳ＠ in set 10 II, 
(Table 10.2.1). The sample containing 100 ppm nitrite was considered to 
be acceptable 'd th a good pink colour, the snmple containinu 10 ppm 
･ｲｹｴｨｲｯｳｩｮＨｾ＠ \vas just acceptable being slightly too 11ink. The sample 
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containing neither erythrosine nor nitrite \ta.s unacceptable because it 
\'las too pale and the sample containing both ingredients \'las unacceptable 
because it \'las too pinl<:.. 
Form 10 \'las used for samples containing 2 to 15 ppm crythrosine (Table 
10.3.1). The sample containing 9 ppm received 'satisfactory' scores of 2. 
Those containing 8 and 10 ppm were more acceptable with scores of 2.5 but 
those containing 7 and 15 ppm ,.,ere below satisfactory at 1.5. Here it is 
seen that the sample containing 7 ppm erythrosine \'las regarded as not 
pink enough \'lhilst the sample containing 15 ppm erythrosine was too pink. 
The samples containing less than 7 ppm erythrosine \'/ere all unacceptable 
because they \'lere not pink enough, thus the ｡｣｣･ｰｴｾ｢ｬ･＠ colour range 
appears to be between 7 - 15 ppm erythrosine. A linf-mr ｲ･ｬＮ｡ｴｩｯｬＱｓｩＡｾｐ＠ \'las 
found between these results and Gardner 'a' ｶ｡ｬｵ･ｳＨｾｩｧｾＮＱＰＮＲＮＵＮＦ＠ 19.5.7lbut 
not between these results and the erythrosine level (ppm) (Figures 10.2.7 
and 10.5 .5). 
Form 10 referred specifically to the colour of the sample unlike 
Form 2 which covered general ｡ｰｰ･｡ｲ｡ｴｾ･Ｌ＠ however, a linear relationship 
bet"•een the results using Form 10 and the results using li'orm 2 '\'ras 
established (Figure 10.5 .4). 'fhe samples containing carmine, red iron 
oxide and erythrosin.e lake \vere also assessed using Form 10 (Table 10.5.1). 
The samples containing colouring matter but no nitrite were all con-
sidered to be unacceptable because they \\'ere too pale. The sample 
containing red iron oxide and nitrite \'las considered to be just satisfac-
tory but slightly too red-pink and the remaining samples co:taining 
nitrite had acceptable pinl<. colours. No correlation w·as found bet,'leen 
these scores and Gardner 'a' values (Figure 10.7.1), but it can be seen 
that the samples \'/ere given lm'l scores for two reasons, because they 
\vere too pale or because they were too· pink. 
The samples ｣ｯｾｴ｡ｩｮｩｮｧ＠ a range of nitrite and erythrosine levels, had 
varied colours at the. extremes of the range but many of •the samples had 
similar colours. 
Results of assessments of Samples 10 IV A, B, C, D, using Fonn 10 
(Table' ＱＰＮｾＮＱＩ＠ shm'l that sample A containing 2.5 ppm nitrite and 2.5 ppm 
erythro$ine \'las considered to be unacceptable because it \'l"as too pale. 
I 
The sample \dth ｾＮＵ＠ ppm ｮｩｴｲ ｟ ｾ＠ a.nd 5.0 ppm erythrosine \'las considered 
to be slightly pale and belo,., ｳ｡ｴｩｳｦ｡｣ｴｯｲｹｾ＠ The samples containing 
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5.0 ppm nitrite wit.h 2.5 and 5.,0 ppm el-ythrosine \\·ere pinker and mon:! 
acceptable than the 2.5 ppm nitrite samples, but even these \·mre slightly 
pale. 
Results of assessments o:f the samples containing various levels of 
nitrite and erythrosine using Form 1, shmved that the samples 10 IV F, 
G and H containing levels of nitrite of 25 and 50 ppm 'd th levels of 
erythrosine of 5.0 and 10 .. 0 ppm \\•ere very acceptable, \vith ｉｾｅＡｴｊｮ｣､ｳ＠
colour and general appearance (Table 10.11:.1). Samples 10 IV C, D and E 
containing levels of nitrite of 5 .. 0 and 5.0 ppm \dth levels of erythro-
sine of 2.5 and 5.0 ppm \·:ere also reasonably acceptable, but Sn1nplcs 10 
IV A, n, I, J and K \orere less acceptable nud lay outside the ｣ｾＩｴｩｭｵｭ＠
colour area, 
These samples \·:ere also assessed using Forms 4: and 11 for their colour, 
general appearance and meat and fat pa•·ticle size (Table ＱＰＮＱＮｾＺＮＱＩＮ＠ Once 
again the samples containing nitrite at 25 and 50 ppm \d th ｬ･ｶ＼ｾｬｳ＠ of 
erythrosine 2.5 and 5 .. 0 ppm proved to be the most acceptable. '!'he 
general appearance scores follm.,red the same trend as the colour scorc:s. 
The meat and fat particle scores were all very similar and showed the 
samples to be acceptable in this regard. 
Results using Form 6 for samples containing various levels of ･ｲｹＭｴｨｲｯｾﾷ＠
sine (Table ＱＰｾＳＬＲ＠ and Figures 10.5o2 and 1.0.5.3) sh0\'1' that ｳ｡ｭｲｾｬ･ｳ＠
containing 0.5, 1 .. 0, 2.0, 3 .. 0 and h.o ppm ｣ｲｹｴｨｲｯｳｩｮ＼ＺＺｾ＠ were ｣ｯｮｳｩ､ｻｾｲ･､＠
'not- pink enough' ,,·hich \\•ere consistent w,ith the results from Fonn 10 
and 2. Samples containing 6.0 and 7.0 ppm had mixed scores, with ｰｬｾｯﾭ
portions of panel considering all of the categories appropriate, beca.use 
there \\'as a difference in colour preference bet\·Teen the panelists; and 
these samples \vere obviously bordering on a colour that \\'as nearly 
acceptable to all. 1'hese samples ,,•ere considered to be not pink enough 
using Form 10. The sample containing 8 ppm erythrosine ,.,as considered 
to have a good colour but the samples captaining 9 and 10 ppm erythro-
sine received mixed scores indicating that they \\'ere close to lii.e boundary 
of acceptable colours, they ,.,.ere described as having normal pink co lomAs 
on Fonn 10. The sample containing 10 ppm erythrosine was considered to 
be too' pink ,.,.hich confirmed the resul t.s of Form 10. 
Results of Form 6 for samples containing various combinations of nitrite 
and erythrosine (Table 10.4o-D sho·w·ed that the majority of the panel 
found that the samples 10 IV, c, D, E and F containing levels of 
nitrite of 5.0, 25.0 and 50.0 \'lith levels of erythrosine had good pink 
colours. The panel ,.,.ere divided in their opinion about samples 10 IV, 
G and H as half of the panel found the sample colours too pink but half 
the panel considered the colours to be good. The majority of the panel 
found sample 10 IV, B containing 2.5 ppm nitrite 5 .. 0 ppm erythrosine 
and samples 10 IV, .I and .J containing 100 ppm nitrite with 10 and 20 ppm 
erythrosine to be too pink. The panel were unanimo\as in finding sample 
10 IV, A containing ｾＮＵ＠ ppm nitrite 2.5 erythrosine to be 'not ｰｩｴｾ＠
enough' and sample 10 IV, K containing 100 ppm nitrite and 100 ppm eryth-
rosine too pink. These results appear to support those from l''orm 2 and 
1 that the sample containing 5.0 ppm nitrite 5.0 ppm erythrosine '"as the 
lowest acceptable combination and 50 ppm nitrite 5.0 ppm erythrosine the 
highest. 
Colour assessments were carried out using Forms 12 and 13 ('fables 10., 1, :l 
and 10.2.1). Form 12 ,.,as sui table for sa.mples· \'lith moderate colour 
differences. such as those of 10 II (li'i.gure 10.1t .. 3), \·1hereas f''orm -.13 
catered for samples \'lith large colour differences such as those produced 
by the range of samples using artificial colouring matters 10 I. In 
both cases good correlations were made between the ｰｩｾｴｮ･ｳｳ＠ scores given 
by the panel, and pinkness 'a' Yalues ｭ･｡ｾｵｲ･､＠ on the Gardner colori··· 
meter (Figures 10.3.3 and ＱＰＮｾＮＴＩＮ＠
10.4: Discussion 
Red 2G 
A level of 100 ppm red 2G \'/as investigated for use in luncheon meat. 
In the absence of nitrite, thermal decomposition of Hed 2G occurred 
and the resultant product colour \'las an unacceptably pale ｢Ｑｾｭｶｮｩｳｨ＠ pink, 
with a few small areas of red colour towards the centre of the ｳ｡ｮｾｬ･＠
'"here the heat -penetration had been s lm.,rest and more colouring matter 
survived. 
; In the presence of nitrite an acceptab.le pink colour resulted and less 
therma·l decomposition of red 2G appeared to have ｯ｣｣ｵｲｾｾ･､＠ supporting 
the \iork of KnmV'les et al ( 1.974:). Ho\vever, several considerations indi-
cate that red 2G is not ideal colouring matter for this purpose. 
F'irstly there is doubt about-'t"he toxicity and status of red 2G. It is 
not . permitted in the EEC and only special provisions \'iould allm'l the 
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UK to ma.intain its use. Secondly a level of red 2G of 100 ppm produced 
an acceptable colour in the product '"hereas 100 ppm erythrosine 
produced a vivid pink colour. Yet a tenfold reduction of erythrosine 
also produced acceptable pink luncheon meat colours, even in the 
abserice of nitrite, and it would be preferable to use the minimum levels 
of food colouring matters possible since Public mvarcness and opinion 
regarding the use of any unnecessary food additive is increasing. 
Thirdly the position regarding the use of nitrite is under revie'" and 
should it be banned then acceptable colouring matters are required to 
give the product a "cured meat type of colour'' and red 2G \vus not 
suitable in the absence of nitrit:e. 
Al.lura Hed 
Nany of the :points made about red 2G are equally applicable to a.llura 
red. It is not stable to the heat process used in luncheon meat manu-
facture and in the absence of nitrite an unacceptable brm-.rn }n·odw9t 
resulted. In the presence of nitrite a pink product ,.ms formed, \d 1:h 
variations in colour intensity over the sample, where heat penetration 
had affected the amount of decomposition of the ｣ｯｬｯｴｮＮｾｩｮｧ＠ matter. 
It is not permitted in the UK and the EEC although it is used in meat 
products in the USA. 
A level of 100 ppm \vas excessive as vivid pink colours \vere produced. 
This colouring matter \vas considered to '"arrant further investigation 
at lmver levels in the presence and absence of nitrite. 
At levels of 0.5 to 20 ppm erythrosine in the absence of nitrite , the 
most acceptable levels ,-;ere 8 - 10 ppm, belm\• 8 ppm the samples \vere 
rather pale and above 10 ppm, the 15 and 20 ppm samples were too ｰｩｾｴＮ＠
In the presence of nitrite the lo\vest combinations of both, '"hich gave 
·an acceptable colour ,.,as 5c0 ppm nitrite '"ith 5.0 ppm erythrosine and 
the highest combination above which the colour \vas too pink \vas 10 ppm 
erythrosine and 100 ppm nitrite. 
Ervthrosine Lake 
It Ｇｾ｡ｳ＠ known that lakes ,..,.ere not as efficient as the powder forms in 
terms of colouring power for the '"'eight of dye. Therefore, 15 ppm 
.· erythrosine lake \\'aS used \'lhich \iUS nearly t\Yice as much as the 8 ppm 
erythrosine pm'ider found to be satisfactory earlier · Q 
Hmlever, results ｜ｯｾ･ｲ･＠ most disappointing. In the absence of nitrite 
the lake gave an acceptable pink mix before processing but all the pink· 
colour had disappeared after processing, presumably due to thermal de-
composition. Thus the lake \'lould appear to be less stable than the 
pm'ider form of erythrosine. 
In the presence of nitrite an acceptable pink colour \'las produced, 
mainly as a result of the cured meat colour, rather than any contribu-
tion from the erythrosine lake. 
Hed Iron Oxide 
Before processing, the luncheon meat mix \\Tas a reddish pink colour in 
the absence of nitrite, and a greyish red in the presence of nitriteo 
The colouring matter \dthstood the heat proc;ess .'vell and after process-
ing the product \'las an orangey pink colour in the absence of nitrite, 
and a dark ?rangey red colour in the presence of nitrite. The colour 
of the uncured sample was rather too orange, although it Ｇｾ｡ｳ＠ certainly 
\'lithin the range of acceptable colours. The cured sample \'las too pink 
and lay just outside the boundary of acceptable colour. This ,.,as the 
only natural colouring matter other than blood pigment derivatives 
(Section 3.3) considered to be sufficiently heat stable to survive the 
heat process of luncheon meat manufacture. Red iron oxide could \'lell 
be a practical alternative should erythrosine ever be banned. The more 
imminent question is '"hether nitrite ldll be \dthdrmin from use and, 
should this occur, red iron oxide would be a suitable ｮ｡ｾｵｲ｡ｬ＠ colouring 
to give the product a stable piru( colour. 
Carmine 
' This was recommended for use at a level of 10 ppm by a supplier of food 
colour'ing matters, but as it \'las seen that it is unsuitable for use in 
colouring luncheon meats because it is not heat stable. In the 
absence of nitrite a very pale brmin biscuit coloured product resulted 
which \'las completely unacceptable in colour. In the presence of 
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nitrite the cured meat colour ･ｮｳｵｬｾ･｣ｴ＠ an acceptable pink product and little: 
contribution \'las made b)r carmine tm'lards that colour. Carmine has other 
disadvantages because it is expensive and its toxicity is also under 
review, thus it is not a possible colouring ·mattcr for luncheon ｭ･｡ｴｾ＠
1.0.5 Conclusion 
( 1) · Erythrosine and red iron oxide arc heat stable \'lhereas red Ｚｾｇ＠ and 
allura red and.Carmine decomposed under heat processing conditions 
. (2) Acceptable pink colours \rere made using 8 - 10 ppm crythrosine in 
the absence of nitrite. 
(3) 'l'he colour hue of the sample containing erythrosine '''as a. slightly 
different pink to the colour hue of the cured meat sample, and 
levels of erythrosine above 15 ppm gave the sn.mples nn unnatural 
pinl( colour .. 
ＨＯＮｾＺＩ＠ Samples ,.,.i th nitrite and erythrosine had very acceptable colours 
over a range of levels 2.5 ppm crythrosine 5 .. 0 nitrite to 10 ppm 
erythrosine 50 ppm nitrite. 
(5) Large meat pieces could not be coloured satisfactorily using 
erythrosine '\'lithout nitrite, but the use of both in a sample 
combined the cured meat colour necessary for large meat peices 
to be acceptable, \-lith added colour ·stability from the er)rthrosine6 
(6) Erythrosine has a characteristic absorption peak ＧＧｾｨｩ｣ｨ＠ helps to 
distinguish it and to detect its presence in luncheon meats. 
(7) The use of erythrosine lake ＧＧｾ｡ｳ＠ not found to have any advantnges 
over the use of erythrosine po•"·der in luncheon meat. 
(8) Red iron oxide could possibly be used as a colouring matter for 
luncheon meat should an alternative to synthetic colours be 
required, but erythrosine is a better choice until this occurs. 
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CIIAPTETI 11 
Other Fonuulation Variables 
The effect of colour on acceptability has been studied by varying 
factors ,.,.h.ich ,.,.ere directly responsible for the product 1 s colour and 
app.earance (degree of comminution, curing action, addition of" 
colouring matters), ·but other ingredients used in the luncheon meat 
recipe may also have an effect, so the follO\ving formulation variables 
,,•ere il}.vestigated. 
11.1 trhe Effect of Variation in ｾｬ･｡ｴ＠ Content on Pr£_guct .Appearance 
ＱＱｾＱＮＰ＠ Introduction 
There is a legal minimum total meat content of 80% in luncheon meat, 
so it is the major ingredient and has an important influence on the 
product's characteristics. 30% fat is allmted so the amount of lean 
meat used is generally just above so% and in recipe 1 was 51.%. 
Variation in lean meat content ''lould affect the quantity of meat pig-
ments in the product and could, therefore, affect its colour. Small 
variations of the meat and fat. composition of the product, within the 
framevwrk of the 80% total meat content, '"ere investigated. 
11.1.1 Experimental 
Luncheon meat samples w·ere made us desc1 1 ibed in Section 5.1 usino 
Procedure Band Recipes 3, 4, 5, and 6 (Table 5.1), iDe. lean meat 
contents of 117-5%, so%, 52.5% and 55% Ｇｾｩｴｨ＠ fat contents of 32.5%, ＳＰｾ｢Ｌ＠
27 .. ＵｾＶ＠ and ＲＵｾＶ＠ respectb,;ely. The samples ,,.ere photographed, colour 
measurements \\'ere taken and the samples '"ere assessed using Ji'orm 2. 
11.1.2 Hesults 
Photograph 23 illustrates Unox and the samples. 
Panel assessment results using Form 2 are shown ''lith the colour 
ｾ･｡ｳｵｲ･ｭ｣ｮｴ＠ results in Table 11.0.1, the C.I.E. x, y ｲ･ｾｵｬｴｳ＠ are also 
sho\\'n i'n Figure 11.0.1 and spectral reflectance curves in ｬｾＧｩｧｵｲ･＠ 11.1.1. 
11.1.3 Interpretation of Results 
No significant differences were found bet\-reen the sc.unples as sho\vn in 
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Photograph 23, and they '"'ere also similar to Unox. Colour measurement 
data confirm that the colours were very similar and positioned in the 
acceptable area. Panel assessment results using Form 2 also shmv that 
the samples '''ere acceptable with scores close to 2. The reflecb111ce 
spectra (Figure 11.1.1) appear to be identical and since differences 
in these generally indicate nny differences in the samples, it would 
seein that this variation :i,n lean meat content had no visible ｴｾｦｦ･｣ｴ＠ on 
the samples. 
11.1.4 Discussion 
Since the standard recipe '"as close to the legal requirement for lhe 
product, there '"'as danger that making n product 'dth less lean meat, 
and more fat would contravene the regulations, especially as there is 
always some fat in the pork shoulder meat used in the recipe. There 
is little advantage in making a product Ｇｾﾷｩ＠ th more lean meat because 
the product would be more costly. Small variations in meat and fat 
ratios made here, marle no apparent difference to the product coloul- and 
appearance and all samples \verH equnlly acceptable. 
11.1.5 Conclusion 
A small variation in the lean meat content. o:f 7.5% had no significant 
effect on the colour and appearance of luncheon meato 
11.2 The Use of Precured Meat 
11.2.0 Introduction 
The cooked cured meat pigments \•Tere found to be very unstable and 
faded in the presence of air and light. Hmvever, if there was a time 
lag of 2l1: hours bebveen mixing and processing, ni ｴｲｯｳｯｭｹｯｾｊｬｯ｢ｩｮ＠ would 
form which \vould become ni trosohaemochromagen on heating. It was 
considered that this extra step in the procedure might give a more 
stable product in terms of ｾｯｬｯｵｲ＠ and consistancy. (Acton and Saffle 
1969, Fox et al 1970, 'valdman et al 197!1:). 
It was impractical to make a batch using entirely cured meat and this 
would be especially true on a large scale, because precuring the 
entire batch \'o'ould necessitate a holding period, extra equipment, and, 
therefore, extra cost.. llmvev:..ex, a manufacturer may \vell have bacon 
trimmings \1hich he might wish to use and add to his supply of fresh 
pork for the product. 
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It was thought that the best use for any precured meat added in this 
way, in this study, ,\·ould be as ,.,hole or part of the 20% lean meat 
added near the end of the chopping procedure and given a short chop 
to ｧｾｶ･＠ pieces for a 'meaty' effect. 
11.2.1 Experimental 
1000 gms of lean meat cut to approximately 1 11 cubes ＧＢ･Ｑｾ･＠ soaked in 
500 gms brine solution comprising lJ.:OO gms water, 100 gms NaCl and 
0.5 gm sodium nitrite, for t·Nenty four hours. After this time the 
drained '\•eioht of the meat was 1270 gms, i.e. there was a net uptake 
of 27%, and its nitrite concentration of 987 ppm '"as found by analysis" 
'£his meat was added to three batches of luncheon meat as the 20% lean 
meat added towards the end of the chopping procedure. The three 
luncheon meat batches were otherwise mnde as described in ｾ｣｣ｴｩｯｮ＠ 5.1 
using recipe 1 and Procedure H. No colouring matter was added but 
sodium nitrite was added to the mix at levels of 0, 25 and 50 ppmo 
Analysis of residual nitrite in the sg.mples ''/as carried out <tS described 
in Section 5. 5. ColoulA photographs antl colour measurements '"ere taken 
as described in Chapter 5, and panel uss&ssments using Form 13 were 
also carried out., The stability of these colours '"ere examined in 
Chapter 12. 
11. 2. 2 Results 
The samples are illustrated in Photograph 2t.1.e 
Results of colour measurements and ｰ｡ｮｴｾｬ＠ assessments using Form 2 are 
shm'ln in Table 11.0.1. C.I.E. x, y measurements are shm\"n in Figure 
11.0.1 and spectral reflectance curves in Figure 11 .. 1.2. 
11.2.3 ｉｮｴ･ｲｾｲ･ｴ｡ｴｩｯｮ＠ of Results 
'l'he photogrttph sho"'s that . the samples had acceptable pink colours and 
; '"'ere all very similar in ｡ｰｰ･｡ｲ｡ｮ｣･ｾ＠
Colour measurement results (!able 11.0.1, Figure 11.0.1) confirm that 
the .sample colours '"ere similar and in the area of acceptable colour. 
Spectral reflectance curves a-r-e typical for samples containing nitrite. 
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Panel assessment results using Form 2 (Table 11 o o. 1) sho,.,.. that the 
samples were acceptable with scores of 2.3 and 2o5• 
11.2.4 Discussion 
The sample which· relied solely on the ｰｲ･｣ＧｬＺｵｾ･｣ｴ＠ meat as its source of 
nitrite developed a cured pink colour all over, hence ther·e was 
migration of nitrite. ions throughout the sample. The ＲＰｾｾ＠ procured 
meat had a very high nitrite concentration \vhich \vhen diluted to one 
fifth by addition of the ｯｴｨ･ｬｾ＠ meat gave an overall nitrite level of 
approximately 200 ppmo As sho,,rn in Section 9.1, 250 ppm nitrite input 
7.6 ppm residual and 200 ppm input 2o3 ppm residual nitrite levels 
gave products with very acceptable colours and the levels of l'esidual 
nitrite of 7 ppm found in these samples after processing support the 
assumption that the approximate preprocess residual nitrite level was 
between 200-250 ppm. 
There was no significant improvement in the cured colour development of 
these samples over those made in Section 9.1.. 'fhis supports the '"ork 
of 'l'aylor (1960) ,.,ho found that there was no significant difference 
beb't'een ｳ｡ｭｰｬ･ｾ＠ held for different periods of time beb't'een the addition 
of curing salts and processing6 
11.2.5 Conclusion 
There were no significant advantages in using ｰｬＮｾ･｣ｵｲ･､＠ meat rather than 
adding sodium nitrite to fresh ｾ･｡ｴ＠ during chopping ｰｲｯ｣･､ｵｲ･ｾ＠
11.3 The Use of Textured ｖ･ｾｴ｡｢ｬ･＠ Proteins as an Ingredient in 
Luncheon Meat 
Introduction 
As the world food shortage becomes more acute, '"e are ｩｮ｣ｴｾ･｡ｳｩｮｧｬｹ＠
aware of the rising meat prices. Vegetable proteins can be produced 
easily and economically in comparison to the inefficient production of 
animal protein. Soya prot.eins have been used extensively for some 
'years, but recently modifications such as texturised vegetable protein 
have be'en used as a substitute for meat. At present, the lal'l curtails 
the use of such soya products (Jones 1970) as a replacement for meat 
in meat products, but should ｴｾ･＠ situation change, then these products 
--
,.,ould have great potential. 
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Since soya has no natural red colouring matters, it is necessanr to 
add colouring agents to a product containing it. The use of textured 
vegetable protein as a substitute for limited amounts of meat in 
. luncheon meat \'las investigated, and methods of colow .. ｾｩｮｧ＠ the !.1roduct 
\vere examined. 
11.") .1 Experimental 
Luncheon meats '"ere made using texturised vegetable protein. Temptein 
(made from soya protein by Hiles laboratory) '"as rehydrated as recom-
mended (1:3 Temptein:\·later) and used to replace· 10%, ＲＰｾ｢＠ and 30% of the 
lean meat in recipe 1, i.e. recipes 7, 8 and 9 (Table 5.1). The samples 
,.,ere made using procedure H, seasoning 1, :100 ppm nitrite and 5 ppm or 
7•5 ppm erythrosine. 
The Temptein \1/as a brm.,rn colour \'l"hen purchased in the dry form and after 
rehydration it \'las the colour of cooked. uncured meat, (brown); not the 
colour of cooked cured meat (pinl<)o Luncheon meat samples made contain-
ing temptein in this fot·m \'lere obviously unacceptable o Therefore, for 
this experiment, the required quantity of ･ｲｹｴｬｵｾｯｳｩｮ･＠ needed per batch 
\<!US dissolved in the appropriate amount of ,,,ater needed to rehydrate the 
batch of Temptein. 'l'he dye bound to the proteinaceous material making 
the Tempteir. appear pink instead of bro,.,n. Luncheon meat samples made 
using . this Temptein \'lere assessed for colour and acceptability using 
Forms 2 and 3 o Colour measurements and. photographs ,.;ere also carried 
out • 
. Photographs 25, 26, 27 and 28 illustrate the samples. Colour measure-
ｭ｣ｮｾ｡ｲ･＠ given in Table 11.0.1 and Figure 11.0.1, and spectral 
reflectance curves in Figures 11.1.3 and '11.1.4. Panel assessment 
results are given in Tables 11.0.1 and 11.1.1 and Figure 11.2.1. 
ＱｾＮＳＮＳ＠ Interpretation of Results 
As seen in photographs 25, 26, 27 and 28 the luncheon meats containing 
Tempte,in had acceptable pink colours, with the coloured Temptein 
appearing as ｰｩｾＨ＠ specks in a similar manner to cured meat pieces, but 
clearly recognisable on close inspection due to the slight difference 
in hue that erythrosine has .f!:pm cured meat colour. 
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The Heflectance Spectra (Figures ＱＱｾＱＮＳ＠ aml ＱＱｾﾷＮｴＬｬＮＡＺｽ＠ shm·; curves of 
similar shape to others seen in the study \<lith high reflectance in the 
red part of the spectrtun and absorbance in the green part of the 
spectrum. As the lean meat content was red.uced, the reflectance in 
the r ·ed part of the spectrtun ,.,as also reduced indicating paler pink 
colours. 
Colour measurement ｾ･ｳｵｬｴｳ＠ (Figures 11.0.1, Table 11.0.1) show that the 
luncheon meat colours range from C.I.E. x = .365 to • 3'"/t andy== .3hl1. 
to .350. These x values ,.,ere 'd thin the range of commercial colours. 
Hm11ever, the y value for the sample containing ＳＰｾ｢＠ 'l'emptein and 5 ppm 
erythrosine was higher than the acceptable limit, indicating ｴｾ｡ｴ＠ it 
was too pale. Gardner L.a.b values (Table 11.0.1) show a range in 'a 1 
values of 7.2 to 11.3 \•lhich is \vi thin the range of acceptable colours 
determined from the ｾｵｲｶ･ｹ＠ of commercial luncheon meats (6.7 to ＱＩＮＱＺｾＺＩＮ＠
It can be seen that the samples containing 1056 and ＲＰＩｾ＠ Tcr.tj)tein had 
similar 'a' values for a particular erythrosine level, but that the 
samples containing 30% 'l'emptein had 'a' values approximately 1.3 'a' 
units lmv-er than their corresponding ＱＰｾｾ＠ and ＲＰｾ｢＠ Temptein samples o 
There \'las a difference of approximately 2.6 'a' units bebv-een the 
samples containing 5 ppm erythrosine and those containing 7.5 ｰｾｮ＠
eryt.hrosine.. There was a linear relationship bcb·men the Gardner 'a' 
values and the panels assessment of colour acceptability using Form 3 
(Figure 11.2o2). The equation for the linear regression is: 
Y = ＱＰＮｾＷ＠ + (1.03x) \d'iere Y = Gardner 'a' value and x:: acceptability 
score for colour from For:·' .3. ( (-:.su..ve. 11·7-.· 3) 
Panel assessment results (Table 11o1.1) show that the colours of the 
samples containing 5 ppm erythrosine \vere less acceptable as the 
vegetable protein level was increased or the ｭ｣ｾ｡ｴ＠ content correspondingly 
reduced. The sample containing 10% \'las satisfactory. The S<:tmple con-
taining 20% vegetable protein \'las given a ｳ｣ｯｲｴｾ＠ of 1.5, bebvecn dislike 
and satisfactory and the sample containing Ｓｾｇ＠ vegetable protein was 
considered to be unacceptable. The samples containing 7.5 ppm erythro-
sine sho\.,red the same trend, although each sample \vas more acceptable 
'than their 5 ppm counterparts. The scores for general appearance fol-
10\-red the same pattern as the colour scores. All of the samples ,.,..ere 
satisfactory as regards their meat and fat particle size .. 
10ll: -
11.3.4 Discussion 
Acceptable product colours 'v-ere achieved b),. the correct balance of 
erythrosine and meat pigments. Hith a replacement of 10% and ｚｏｾ｢＠
lean meat by Temptein 1 5 ppm erythrosine was sufficient to complement 
the cured meat colour and give an acceptable background colour. 
7·5 ppm erythrosi.ne at these meat replacement levels gave pinker 
products which ＧＧｾ･ｲ･＠ also acceptalJle. 'o!hen ＳＰｾｾ＠ of the lean meat ,.,as 
replaced by Temptein, 5 ppm erythrosine \'/as infJUffic.i.ent to boost the 
background colour and the product looked unacceptably pale. HO\'lever, 
7. 5 ppin erythrosine at this level of Ｑｾ･ｭｰｴ･ｩｮ＠ gave an acceptable 
colour to the productb 
11.3.5 Conclusions 
( 1) Acceptable luncheon meats were mnde using 10% and ＲＰｾｇ＠ vegetable 
protein with 5 ppm and 7 o 5 ppm erythrosi ne in the ｰｲ･ｳｾｭ｣･＠ af 
nitrite. 
(2) \lfhen 30% vegetable protein replacement of lean meat was ｭ｡､･ｾ＠ tlle 
samples \'/ere unacceptable. 
1.1olJ: HakinQ_Use of the Interaction Detwcen Enrthrosin0 and ｓｮｩﾣｾＮＮＮＺｩＡＡ＠
Luncheon Heat 
ＱＱＮｾＮＰ＠ Introduction 
Erythrosine \'las shm,•n to 'bind' to the ground \·lhi te pepper, corriander 
and garlic components of a luncheon meat seasoning, as well as lean 
. meat and connective tissue, making them bright pink. It is thought 
that the d)re binds to the proteins of these m;.d:erials, in such a wny 
that its fluoi·escence is quenched and it is no longe1· water soluble so 
will not wash off. It \'laS thought that this principle might be used 
· to give specks of pinl< material in sa.mple.s which are not cured. 
Luncheon meats Ｇｾｨｩ｣ｨ＠ do not contain nitrite were found to have an 
unattractive appearance because although the bulk of the sample can be 
coloured pinl<. by erythrosine, the lvhite fat and pale brown meat partie-
. les detract from this. \<!hen nitrite is present, hovwver, the meat 
pieces' are deep pink in colour and enhance the total product appearance, 
by giving depth of colour and contrast between the pink meat and white 
fat. It ,.,as hoped that specks of pink material \·Tould simulate this 
effect and make uncured samples appearance more acceptable. 
·--, 
I 
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11. h.1 ｅｸｰ･ｬｾＺＡ Ｎ ｭ･ｮｴ｡ｬ＠
The seasoning \t.fas treated 'dth e:rythrosine solutions based on final 
product concentrations of 2.5, 5oO, 7·5 ppm, and left for 2lJ: hours so 
that ?ome spices became pink 'before addition to the luncheon meat mix:. 
The luncheon ｭ･ｾｴｳ＠ were made using recipe 1 and procedure H as described 
in Section 5 .1. Sodium nitrite \ms not added to the samples. Colour 
measurements, ｣ｯｬｯｵｾ＠ photographs and panel assessments were carried out 
as described in Chapter 5· 'l'he stability of the colour of the samples 
was ･ｸ｡ｭｩｮ･ｾ＠ in Chapter 12. 
The samples are illustrated in Photouraph 30 and colour measuren,ent 
results shovm in Table 11.,0.1 and Figure 11.0.1. Spectri·ll reflectancG 
curves are shown in I•'igurc 11..1.5 and panel assessment reBults using 
Forms 2 and h in ｔｾｊｬ･＠ ＱＱｾＰＮＱ＠ and · 11.2o2• 
As sho\-.rn in the photograph 30, the spices remained pink and ｳｨｯｷ｣Ｚｾ､＠ up 
as pink specks in the samples, thus achievinn the desired (!ffect. 
Hm.,ever, because some of the ･ｲｹｴｨｲｯ ｾﾷ ､ｮ･＠ \1/HS used for this, the over;;d l 
background colour ｷ｡ｾ［＠ paler and brown m.:!at pieces could still be 
distinguished and so made the samples undesirable. 
Colour· measurement result5 Table 11cO.l, show that the samples '''ere 
pale and all lay outside the .:t.L4 ea of acceptable colour bec.:.\use their 
y values were too high. (I•'igure 1.t.Oo1). Similarly Gardner 1 a 1 
measurements shm\r that· the lightness values, ( 'L' units) ,,•ere higher 
than usual; ｩＱ ｾ ､ｩ｣｡ｴｩｮｧ＠ that the samples ,.,.ere pale, ｡ｬｴｨｯｕｾｊｨ＠ of the 'a' 
ｶｾｬｵ･ｳＬ＠ only that for the sample containing 2..5 ppm erythrosine wns 
｢ｯｬｭｾ＠ the act;eptable limit. Spectral reflectance curves (Figure 11.1.5) 
are similar to those of other samples \t!hich contain ｣ｲｹｴｬｵＮｾｯｳｩｮ･＠ but not 
nitrite. 
Panel assessment results using li'onn 2 (Table 11.0.1) shm·! that the 
sample containing 2.5 PJ1lrl erythrosinc \vRS disliked extremely, and the 
other bm samples ,.;ere disliked. Using Form h (Table 11.1.2) all the 
samples were judged to be unacceptable. The panel commented that 
rather than resembling ｰｩ･｣･ｾｦ＠ ment, .the pink specks gnv·e the 
impression that the samples had not been mixed sufficiently. 
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Erythrosine did indeed bind to the spice components, and remained that 
\tay during product manufacture and processing, but had no beneficial 
･ｦｦ･｣ｾ＠ on the product colour ｾｮ､＠ appearance, so that the product ,.,as less 
acceptable than samples made using the same amounts of erythrosine in 
the normal fashion. 
11.4.5 Conclusion 
The use of pink coloured spices in luncheon meat hn.d no advantages in 
improving the acceptability of the appearances of uncured samples .. 
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Fading Studies· on Luncheon Heat 
12.0 Introduction 
\'lhen luncheon meat is taken from a can it has n fresh pin!< colour 
because its colo·ur has been protected from . light and air, whereas in 
shops, sliced cooked cured meats, put on display for the constuncrs to 
select the meat of t ,heir c·hoice, are exposed to strong illumination 
and air (if not vacuum packed). 'l'heir colours fade giving a less 
desirable appearance, and some flavour loss has also been ohserved 
(Chan et ｡ｾ＠ 1977). Fast rotation of stock minimises the problem, but 
inevitably some \vastage of product can occur. 
The stability of the sample colour· \inS considered to he Korthy of 
investigation. Commercial and laboratory made samples were subjected 
to various fading studies and the rates and degree of col.oul- fading 
compared for different conditionso 
12.1 An Investiqation of the l<'n.dine.L.2f_Luncheon rleats unrler Nai:UJ.:i\..l 
and Artificial Daylight 
12.1.0 Intr9duction 
Samples of luncheon ment \vere exposed under the type of conditions 
encountered in retail sale of cooked cured meat, refrigerated displny 
cabinets, \vhere the meats may be ready sliced and ei thcr vacuum pacl<ed 
or left un.\'Trapped, or at room tc-'!mpcratures -in a shop ,.findo\f ,,rhcre th..::! 
temperature can vary from 15°C in the \dntcr to 27°C in the summel-. 
·Doth artificial and natural lighting may play a part in sample fading 
in these circumstances .. 
. ·
Important aspects of the study '"ere the degree and rate of fading at 
the different temperatures, the position of the fading in the sample 
(whether it was· just a surface phenomenon) and the effect of the 
illumination (whether. reduction in the ultra violet content of the 
illumination reduced the rate and degree . of fading of the samples) • 
12.1.1· ｅｸｰ･ｲｩｭｾｮｴ｡ｬ＠
The required tins of luncheon meat ,,·ere opened and the meat cut into 
'( slices 5 nun and 2 em thicl<.. The slices \'lere placed on plates and 
Ｍ Ｍｾ＠
covered with a highly gas permeable cellophane film \'lhich allo,.,ed 
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oA.--ygen to reach the samples but prevented dP-hydrati on.. Other samples 
were vacurun packed into Netathene Ａ＾ｦｾＧｻｔ＠ pouches, immediately after 
slicing. The samples ｜ｾ･ｲ･＠ exposed to natural and artificial light at 
different temperatures, The conditions of e:A>-posure '"ere:-
Condition I. Natural daylight obtained by··placing the samples on a 
''Iindow sill of a little used room, \vhic:h had no interior illumination 
and whose tempera tur·e \vas· moni tared. Various tempel"atures were 
recorded at different: times of the year, those used \·rere:- '\·linter 5°C, 
spring 15°C, summer 20°C, mid-stunmer 27°C, giving I A, Bi C and D 
respectively. 
Condition II to V. ArtificiHl daylight, ｯ｢ｴｾｩｮ･､＠ by placing the 
samples in temperature controJled display cabinets :i.n which the 
appropriate ｴｵ｢Ｎｾｳ＠ Ｈｳｾｰｰｬｩ･､＠ by Atlas Lighting Ltd., London ｜ＮｦｃｾｾＩ＠ \vere 
fitted. 
Condition II 'Artificial Daylight'. This hns a fairly unifonn 
spread of \\'avelengths over the visible and uv 
ｳｰ｣ｾ｣ｴｲｵｭＮ＠
Condition III - 1 De Luxe Natural'· This has little uv radiation 
but is other\dse similar to 1 .-\rtific iul Dny light'. 
Condition IV 'Warm White'. This has considerable emission in 
the yellO\v-orange region of the spectrum .. 
Any of these light sources is likely to be used for commercial 
illuminated display purposes. Their spectral characteristic;:; are shown 
in Figure 12.1.1 .. 
Condition V The ｦｩｲｳｾ＠ source of illwnination, Artificial 
Daylight, was used in conjunction \dth a grey 
filter \'lhich excluded some ultra violet radiation. 
The cabinet temperatures uere adj ｵｾｴ･､＠ to 5°C, 15°C or' 20°C, gi v·ing 
temperature conditions A, B, C respectively for each illuminnnto 
Condition VI. Control samples \vere kept in the dark in a cupboard or 
refrigeratdr at 5°C, 15°C, 20°C, 27°C; giving conditions VI A, D, c, D 
res pee ti vely. 
The samples exposed to the various conditions \vere removed nt regular 
--intervals, vacuwn packed, and stored at 5°C in the dark so that when 
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complete fading had been observed or at the end of the stipulated 
exposure period, there \\•as a range of samples exhibiting different 
degrees of fading, i.e. pink, pale pink, grey pink, grey. The amount 
of fading was determined by visual assessment us 'i ng a light box 'vhich 
provided ｳｴ｡ｮ､｡Ｑｾ､＠ illumination or measurement on the Gardner 
colorimeter. 
Cellophane ＬＮｮｾ｡ｰｰ･､＠ samples \vhich contained an initial level of 50 ppm 
were exposed to concli tions IC and ID for 1 hour, II.A and liB for 
5 hours and VIA, D, C and D for 24 hoursco Vacuum packed samples Ｌｾﾷ･ｲ･＠
exposed to the same conditions for· five days., 
Samples containing 5 ppm erythrosine and 50 ppm nitrite \vere exposed to 
conditions IIA and IIC for 2 hours. Three samples of ｬｵｮ｣ｨ｣ｾｯｮ＠ meat 
containing (a) 10.0 ppm erythrosine, (b) 250 ppm hitrite, (c) 5.0 ppm 
erythrosine and 100 ppm nitrite \'/Cl'e exposed to concli tion !C for 
24.- hours. The samples were observed after 10 and 30 minutes .:tnrl 1, 1-}, 
2, 3, It and 211 hours and their colours were noted. 
Fading \'l.:lS investigated under various illuminants 'vith different ｳｰ･｣ｾ＠
tral po,.,rer distributions. Cellophane ｜＼ｾｲ｡ｰｰ･､＠ slices of the sample con-
taining 50 ppm nitrite ,.,.ere exposed to conditions II, III, IV, V and 
VI A and B for 5 hours, and tho sample colours compared ｡ｦｴ｣ｾｲ＠ exposure 
to .the different i lluminants. 
In order to investigate the clbpth of fading cellophane . \vrapped slice::: 
5 mm thick and 2 em thick of the same sample containing 50 ppm nitrite 
were also exposed to conditions IA, IC, VIA and VIC and ·their surface 
colour was noted over an exposure period of 8 hours. The depth of 
penetration of fading into the sample \·ms measured by cutting cross 
sections at regular time intervals and measuring the thickness of the 
faded surface layer. 
12.1.2 Result§. are given in Tables 1.2.1.1 to 12.1·.-6 and Ii'igure 12.1 .. 2 
and Photographs 31 t.o 36. 
;2.1.3 Interpretation of Results 
Fading \'>'as retarded by the exclusion of oxygen and samples containing 
50 ppm nitrite maintained the'ir colour \tell for 5 days ,.,hen kept in 
vacuum packets (Table 12.1.1) as illustrated in Photograph 32.. Fading 
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was also retarded by the exclusion of light, ｾｮ､＠ samples containing 
50 ppm nitrite remained pink for 2l.1: hours in the air and dark even at 
higher temperatures (Table 12.1.1). 
In ｴｾ･＠ majority of cases fading occurred more rapidly at higher 
temperatures, for instance the samples cot1taining 50 ppm nitrite faded 
as ·much in 15 minutes at 20°C and 5 minutes at 27°C as after 5 hours 
at 5°C and 15°C (Table 12.1.2 and Figure 12.1o2). The fading observed 
at 20°C is shm,rn in Photographs 33, 3/1, 35 and 36. 
Similarly, the samples containing 50 ppm nitrite and 5 ppm erythrosine 
faded more slo\-:ly at 5°C than 20°C (Table 12.1.3) • The presence of 
･ｲｹｾｨｲｯｳｩｮ･＠ with nitrite, enabled acceptable sample colours to be 
maintained during exposure to light and air for time periods ,,·hich 
produced marked fading in cured samples containing nitrite in ｴｨｾ＠
absence of any colouring matter. For instance in Table 1.2.1.5, the 
sample containing 250 ppm nitrite showed considerable fading after 
exposure of 1 hour to condition IC and \'iUS grey in colour after 3 hourf:', 
exposure (Photograph 31). The sample containing 100 ppm nitrite and 
5 ppm erythrosine shm,red slight fading after one hour and \vas still 
pink, though pale, after 3 hours. The sample containing 50 ppm nitrite 
and 5 ppm erythrosine faded at the same rate despite the difference in 
nitrite level. The sample containing 10 ppm erythrosine shm\'ed slight 
fading after three hours and even after -2lJ- hours it was still pale pinke 
The samples exposed to different -illtunents faded at differH .. t rates, the 
. one under t artificial daylight' the fastest and to a greater extent in 
the given time (1'able .12.1.6). The use of an ultra violet filter 
therefore retarded the rate of fading of the sample under 'artificial 
daylight'. Samples under the other t\io illtmlinants 'de luxe natural' 
.and ''"arm \1hite' faded more slowly, or to less extent in a given time 
than the ｳ｡ｭｰｬｾ＠ under 'artificial daylight'. The samples also looked 
'pinker' under these b,o illuminants than under the . 'artificial 
daylight' which ,.,ould suggest that they ,,•auld be more sui table for 
enhancing the colour of the meat in a displDy case. Although the eye 
could see a difference ｢･｢ｯｾ･･ｮ＠ the san;ples exposed under tho different 
illuminants for any given time \vhen they \\'ere all together, this 
difference \tas not significant enough for the ey·e to remember the 
difference '"hen the individual samples ,,ere presen.ted to the observer. 
·-----. 
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Although the filtei' l:'etarded sample fading, it was not very u.st::!ful 
because the sample looked 'bluer' or less red '-vhen vie\ied through the 
filter. 
Fading occurred ini tj ally at the sample surface and ｡ｦｴ＼ｾｲ＠ the surface 
pigments had faded fully, further fading of lower pnrts of the ｳｾｴｰｬ･＠
only proceded very ｳｬｭｶｬｹｾ＠ (Table 12.1.4:). The temperature exposure 
and the thickness of the sample had no effect on the degree of fading 
penetration belm-v the sample surface and the overall faded layer was 
no more than 2 mm thick after eight hours exposure for any of the 
variables studied. 
ＱＲＮＱＮｾ＠ Discussion 
Since fading occurs .:'ovhen samples are ･ｸｰｯｳ＼ｾ､＠ to light and air and is 
greatly reduced by the elimination of one or both of these factors 
(Table 12.1o1). A tin is an ideal container for the product. Fading 
,.,as inhibited by vacuum packing the samples nnd hence eUminating air a 
This is a. common method of packing for supermarkets ,.,here t.he consumer 
likes to see the product before purchasing. If there is ｡ｴｾ＠ delay bet-
ween slicing and packing however, fading will still occur. This was 
frequently a problem in measuring samples on the Gardner Colorimeter 
'"hen samples in the vacu\Un pack faded on exposure to the instrument 
light source. Presumably on slicing the sample, it comes into contact 
\d th the air and the fading process begins. On vacuum packing in 
metathene HXXT which is recommended to ha\'e good oxygen barrier proper-
ties and placing in the dark, the fading is ho.lt(-}do ｈｭｾﾷ･ｶ･ｲＬ＠ when the 
jJn.ck is exposed to ｬｩｾｊｨｴＬ＠ fading again occurs using residual air 'vhich 
\'/as trapped in the_ sample despite the vacuum packing. Hhen inspecting 
display cases of super markets it could frequently be ｳ･＼ｾｮ＠ that the top 
packs of conunercial samples appeared paler and shm.;ed signs of fading 
compared with the undernea.th packs. 
In these e.A""Periments the main purpose in ｾ＼Ｚ･･ｰｩｮｧ＠ some tsnmples in the 
dark, \'las to provide unchanged control samples for comparison to the 
; faded ones as shown in photographs 33 to ,36. Hm.,ever, the keeping of 
products in the dark at the point of sale is impractical because the 
consumer '"ould be unable to see them, although, for all storage stages 
the samples could be covered or ｰｬ｡｣ｾ､＠ in unlit areas. 
--.. 
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It '"as also seen that some light sources •ｾ･ｲ･＠ less destructive than 
others, and that those which end t little ultra violet· light ,.,..ere more 
suitable for illuminating meat sa'!nples in a display case than sources 
\d th a high ultraviolet output becuase the cured meat pigment \'ias 
sensitive to ultra violet light and its fading \'las marginly reduced by 
exposure to light sources whose spectral power distributions \'t'ere 
comprised of a small amount of short '"'avelength light and large amounts 
of long '"avelength light. 
ｔｾｭｰ･ｲ｡ｴｵｲ･＠ had an effect on the rate of fading \'ihich would be expected 
since 1i10st reactions occur faster at high ｴ･ｭｰ･ｲ｡ｴｾｲ･ｳ＠ o However, some 
abnormaLities '"ere seen in the results (Table 12.1.,2) \vhere samples 
faded more quickly at lm" temperatures, 5°C, than at high temperatures, 
15°C, and in this case some othE-H"' .factqr \'IUS possibly influencing the 
fading rate. 
The fading produced in samples containing nitrite, erythrosinc and a 
combination of the two, demonstrated that the erythrosine colour faded 
very little compared \d th the cured meat colouro Hm·mver, in order to 
have an acceptable initial ·sample colour the amount of erythrosine 
required "'as insufficient to give the sample an adequate pink colour 
,.,hen the c.ured colour faded. The sample containing 10 ppm erythrosine 
,.,as an acceptable. pink colour when nitrite ｜ｾ｡ｳ＠ not present, and its 
fading was slight in comparison with the sample containing 250 ppm 
nitrite which also had an acceptable pink colour initially. HO\'lever, 
ﾷｾ ［ｨ･＠ problem l'li th the former sample \IJ'as that the uncured meat pieces 
)vere pale brow·n in colour and although the background colour '"as 
acceptable, these pieces made the sample undesirable., 1\;hen this level 
of erythrosine \\'as used in combination 'd th nitrite the colour was too 
pink. Therefore, the amount of erythrosine reqtiired to give an accept-
able pink colour \d th cured meat was less, and' 5 ppm was previously 
found to be sufficient. Yet, ·'"hen the amount of erythrosine ,.,as so 
reduced to give an acceptable initial colour, the cured meat faded and 
( 
this reduced amount of erythrosine '"as not sufficient to keep the 
sample colour pink. ·Since the emphasis is usually put on making an 
acceptable colour initially, it is inevitable that noticeable fading 
will occur in these samples. 
There ｜ｾ｡ｳ＠ no significant difference betl.,..een the .fading rates of the 
thick and thin samples. The depth of penetration of the fading \vas 
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also the same for both samples, and \'r'as very slmv. The important change 
in colour \'lhich reduced ·the acceptabi 1.1 ty of the sampl'e \vas the fading 
f1:.om pink to grey \'lhich occurred at the surface of the sample in a 
relatively short time. Even \\·hen the sample \vas completely unacceptable 
in colour it would be possible to slice off the top surface (5 mm) and 
have an acceptable fresh looking sample belm'r' (T<'\ble 12.1o4.-). This is 
presumably because meat pr_oteins etc. at the surface, shield the under-
neath pigments from harmful rays of light, thus preventing fading. It 
is likely to be helped by reducing systems in the meat \dlich inhibit 
oxidation of the pigments. If it \'las necessary to keep luncheon meat 
\d thout vacuwn packing, \vastage due to fading \'r'ould ｢Ｈｾ＠ minimised by 
placing each slice exactly on top of each other so that only the top 
ｳｬｩ｣ｾ＠ would fade; while the slices below would be quite acceptable. 
Hmvever, there is the chance that the top slice may look too unacceptable 
for the consumer to '"ish to buy any of the product., In practice the 
retailer relies on fast rotation of stock nnd some shopkeepers use ＺｾＮｾ･､＠
lighting over the meats. 
12.2 Spectral Changes Durinq the Storage of Cooked Cured Cotnminutecl 
Heat 
12.2.0 lr1troduction 
It \'las seen that the samples containing nitrite and nitrite and erythro-
sine, faded \'lhen exposed to light and air but that it was difficult to 
quantify the degree of fading at any pllrticular staoe. Since the colour 
change \'las quite significant, it \\'as thought that the reflectance spectra 
for the samples \muld also change and might give useful information about 
the degree of fading observedo Samples at different stages of fB.ding 
\'/ere measured on the Beckmann spectrophotometer so that the differences 
in the spectra could be dete1mined. 
12.2.1 g.>..:perim·ental 
ｔｾ･＠ acceptable pink colours of the freshly sli-ced snmples in vn.cuum 
packets w·ere measured on the Beckmann spectrophotometer. Samples con-
. taining 10, · 100 and 200 ppm nitrite \'lere exposed in air to 4 sets of 
conditions:- IIA, IIC, VIA, VIC, i.e. ｄ｡ｲｬｾ＠ 5°C, 20°C, Light (Atlas 
'artificial daylight' emitting 60 foot candles, 600 lux on to the 
) 0 0 ｾｬ･ｳ＠ at 5 C and 20 C. 
The . samples containing 15 ppm nitrite initially \·Tas exposed in air to 
2 sets of conditions:- IIC and VIC. 
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After set exposure periods (shm.;n in Tables 12.2.1 to 12.2.6) the .s;unples 
\V'ere vacuum packed and measured on the Deckmann spectrophotometer, from 
,.,hich reflectance curves and C.I.E colour measurement data \'lere obtained 
and K/S values \'lerc calculated as described in Section 5 .. 4:. 
The amounts of cured meat pigment and total pigments were estimated in 
fresh and faded samples as described in Section 5.6. Very thin slices 
of approximately 3 nim thick were used because it was known that fading 
occurs at the sample surface and the technique measures the pigments 
throughout the sample .. 
12.2.2 Hesults are shol'f'n in Tables 12 .. 2o1 to 12 .. 3.() and Figures 12.2 .. 01 
to 12. 2. 11!:. 
12.2.3 Interpretation of Results 
At the ｦｯｕｊｾ＠ levels of nitrite examined, it \taS seen that the ｳ｡ｭｰｬ｣ ｾ ｳ＠
faded rapidly in the light (Photograph 31) and slm,·ly in the dark. The 
C.I.E x, y Y data did not show atzy clear fading patterns (Tables 12 .. 2.1 
and 12Q2o3 to 12.2.6 and Figures 12.2.11 to 12.2.11..1:) but the spectnll. 
reflectance curves showed a significant change of shape u.s fading 
occurred. The fresh samples had hi{Jh reflectance in the red part of the 
spectrum (700 run) \'lhich decreased \'lith fading and in the area of lo\v 
reflectance ( 570 nm) values increased so that the curve flattened out. 
Ｈｆｩｧｵｬｾ･ｳ＠ 12.2.01 to 12.2.08). The ratio of K/S values, K/S 530 nm/K/S 
630 nm and K/S, 570nm/K/S 670 nm, for the sample containing 15 ppm nitrite 
fell \-.rith time of e.>..1Josure Ｈｆｩｧｵｬｾ･ｳ＠ 12.2.09, 12.2.10 and Table 12.2.2). 
Fading occurred so rapidly in the light thnt no significant difference 
\'las observed beb\'een the rates of fading of the samples contuining 10 ppm 
100 ppm and 200 ppm nitrite, but in the dark the \¥hole process was 
retarded and it could be seen that the sample containing the least 
residual nitrite faded more quickly than samples \·Ti th a higher level of 
residual nitrite. This confirms the postulation that residual nitrite 
does improve colour stability, but it shm,·s that this effect is minimal 
,. under strong fading conditions of air and light. 
Pigment Analysis 
It \'las found that the amount of ni troso pigments in the faded samples 
\'las · significantly less than .that in the fresh samples, being reduced by 
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fading to one third in the samples initially containing tO nnd 15 ppm 
nitrite and one half in.the sample initially ｣ｯｮｴ｡ｩｮｩｾｧ＠ 100 ppm nitrite 
{Table 12.2.6) .. 
12c3 A Demonstration of Fading usinq the Gardner Colorimeter 
12.0.0 Introduction 
\vhen luncheon meats \•rere placed over the Gardner Col?rimeter for colour 
measurement, it \ias noticed that the L.a.b values cliangedo The 'L' and 
'a' values f. ell, and the 'b' values increased during only a fm\" minutes 
exposure, making color measurement by this technique rather unreliable. 
\{hen a sample was examined after exposure it \\'as seen to have a small 
grey area, where it had been exposed to the instrument light source for 
the colour ｾｵ･｡ｳｵｲ･ｭ･ｮｴＮ＠ This area of sample lwd faded, and its fading 
simulated that generally seen over the .\ihole of a sample, after exposure 
to light anrl airo This \'las further investigated, and 'a' values were 
recorded as fading occurred in the samples to give an indication of their 
fading rates. 
The Gardner Colorimeter \vas used as a fadeometer as ､･ｳ｣ｲｩ｢｣ｾ､＠ j n Section 
5.1-h The luncheon meat was thickly sliced and the slices placed over 
the colorimeter whilst the fading was monitored over suitable time 
periods of 5, 10 or 30 minutes, depending on the observed r·a te of 
fading of the particular sample (1'ables 1.2.3.1. to 12.3o7) • 'l'he instru-· 
ment manufacturers recommend that the colorimeter should be standardised 
at half hour intervals whilst in usc, and so this \\'as performed ｢･ｴ｜ｈｾ･ｮ＠
samples using the tomato red tile. 
12.3,2 Results are shown in Tables 12.3.1 to 12o3•7 and Figures ＱＲｾＳＮＱ＠
12 • .3.3 Interpretation of Hesults 
A small degree of fading '''as considered to be a fall of less than 2 •at 
units, medium fading more than 2 but less than 5 'a' units and strong 
. ' 
fading 5 'a' units and over for a given exposure time. Fading ,,·as 
observed in all the samples, and occurred rapidly at the ｾ･ｧｩｮｮｩｮｧ＠ of 
the exposure time 'd th an ｩｭｭｾｩ｡ｴ･＠ fall in 1 a 1 values \vhen a sample 
'"as placed over the measuring po!'t, but in most cases this slowed dm'<'n, 
as s'hmin in the graphs oi' 'a' values against time (Figures '12. 3.1 to 
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Fading \·:as observed to occur at different rntes in commercial luncheon 
meats. Co-op, Dak, Ha:fnia, Sninsbury and Unox sho,{cd little fading. 
Hedium :fading \vas observed in Dana, Fine Fare, Linthorst and 'fcsco and 
ｳｴｲｯｾｧ＠ fading \ms observed in Dnnoxa, Fray llentos, Plumrose, Tulip and 
\.falls·. ｓ｡ｴｾｰｬ･ｳ＠ \vhich had 'a' values o.f lesH than 8, indicating 
unacceptable colours .fter·10 minutes exptisure, were Celebrity, Dana, 
Danoxa, Fray Dentos, Plumrose and Tulip. (Table 13.3.1 and Figure 12.3.1) 
Severe fading occurred in the laboratory prepared samples containing 
sodium nitrite in the presence of light and air, (Table 12o3.2, Figure 
12.,3.2), and this was not reduced significantly by the use of sodium 
aseorbate or precured meat in the recipe.. The samples containing 10, 15 
and 20 ppm nitrite lost over 7 'a' units of pinkness in 10 minutes a.s a 
result of fading, and the samples containing 25, 50, 100 and 200 ppm 
nitrite lost 5 'a' units and the samples ,.,..ere all unacceptable in colour 
\'lhere the fading had occurred. ｾｩｭｩｬｮｲｬｹ＠ the samples containing nitrite 
and ascorbate faded by between ｾ＠ and 5 1 a 1 units to give unacceptable 
colours (Table 12.3.3). This fading ,.,ras less thc'lll in the samples 
containing the equivalent amount of nitrite '"'i thout ascorbate ｰｮｾｳ･ｮｴＬ＠
and so some small effect attributable to ascorbate ,.;as found, hut never-
theless the faded samples \V'ere unaccept .. 1.ble. 
Fading in samples containing erythrosine \'las significantly less severe 
than that observed in the cured meat srunples. It was seen that at low 
levels of erythrosine, only a small amount of fading brought the sample 
colour to that that '''auld be seen even in the absence of any colouring 
matters (Table 12.3.1t:). This can be culled the uncured 'base colour' 
and has an 1 a' value of 4:.3 as '''n.s seen in Section 10.1 when samples 
\'lere made \d thout the addition o:f nitrite or erythrosine. 
Fading ｣ｯｮｴｩｾｵ･､＠ below the 'base colour', 'a' values of 2.7 were the 
lowest reached. The variation in wnount of fading given by drop in 'a' 
value ranged from 1.5 at 0.5 pprn erythrosine to 3.8 for the sample 
I 
containing 7 ppm erythrosinc, with 3.6 for the sample containing 15 ppm 
erythrosine, over a ten· ml.nute exposure period. For the variation in 
'spice addition the samples containing 2.5, 5.0 and 7.5 ppm erythrosine 
in the' absence of nitrite shmV'ed a drop in 'a' values of a 5 minute 
exposure period of 1.5, 2.2 and 2.9 respectively, and over a 10 minute 
exposure period of 1.9, 2.6 and 3·5 respectively. Normal erythrosine 
ＭＭｾ＠
additions at the levels of 3.0, 5.0 and 7.0 ppm showed drops in 'a' 
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values of 2.4, 3.0 and 3.8 respectively. Thus it cannot be said that 
the spice variation had any significant sta.bil:isinn effect on colour. 
(Table 12.3.5). 
Strong fading occurr·ed in the samples containing nitrite and crythrosine, 
but the resulting colour ＧＢ｡ｾ＠ more acceptable or pinker than the faded 
colour of samples containing only nitrite or only erythrosine (Tablo 
12.3.6). However, if the sample had an acceptable pink . . colour initially, 
there \vas insufficient erythrosine to prevent sel:'ious sample fading; yet 
to achieve .:tn acceptable sample colour, despite C?X}10sure to light and 
air, a rather pink initial sample colour had to be toleratedo 
Samples containing precured meat faded quite significantly during 15 
minutes exposure, although slightly less than the sample containing 
200 ppm nitrite made normally. It was not possible to say that the 
background faded more than the meat pieces, as they both appeared to 
fade by the same amount, and the meat . pieces being more intense in 
colour appeared pinker. 
12.3.4 Discussion 
The advantage in using the Gardner Colorimeter as a fadeometer for 
luncheon meat samples, lay in the fact that fading ,.,ras monitored in ｾｩｴｵ＠
as it ,.,as occurring, and actual colour values ·1\'E!re given :for any spccifi0.d 
exposure time from which fading rates 1orere obtained. If fading was 
observed under normal conditions (e.g. in a display ca\Jinet) the changes 
were quite rapid, depending on the ｴ･ｭｾ･ｲ｡ｴｵｲ･＠ and illlmlinant, and 
visual descriptiotis \\'ere rather inadequate which is ,.,hy sc.unples examined 
in Section 12.1 were then measured on the Gardner colorimeter so that 
pinkness could be judged by ｴｨｾ＠ 'a' values. 
The disadvantage '"i th using the Gardner colorimeter as a fadcometer, "\'la.s 
that the results could not be directly related to normal exposure condi-
\ 
tions. ｈｭｴｾ＼･ｶ･ｲＬ＠ by comparing results from Table t2.1.2 "\'lith those from 
Table 12.3.2, it is seen that the sample containing 50. ppm nitrite had 
.faded by a similar amount after 5 minutes on the colorimeter as after 
5 ｭｩｮｵｾ･ｳ＠ exposure at 30°C . to natural daylight. By comparing results 
from Table 12.1.3 with those from Table 12.3.6 it is seen that the sample 
containing 50 ppm nitrite and 5 ppm erythrosine had faded as much after 
5 minutes on the colorimeter- as after 10 minutes exposure to artificial 
daylight at 20°C. .lt'ading on the colorimeter was mot'e rapid than at 5°C 
,· 
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or 15°C under natural or artificial d.nylioht, but not as 1·apid as at 
0 27 C under natural daylight, so the closest approximation to the 
colorimeter fading \\'as that at 20°Co 
12.LJ: Conclusions to Chapter 12 
( 1)· Fading of the ｣ｯｯｫ･ｾ＠ cured meat pi.gment occurred at the sample 
surface on exposure to air and light. Fading was 1·etanled by the 
elimination of either light or air, by vacutml packing or ｫ･ｴｾｰｩｮｧ＠
.the samples in the dark. 
(2) Fading was more severe under an illuminant ,,•hich emitted a high 
percentage of its light as ultra viclet than under illrnninants 
,.,rhich emitted light of predominantly other wavelengths, 
(3) Fading of erythrosine colour in samples exposed to light and air 
'"as significantly less than the cur·ed pigment colour fading o 
(h) Once exposed, samples having coml.Jinati.ons of nitrite and erythro-
sine had acceptable colours for longer than cured meat samples o 
(5) Reflectance curves quickly showed \·rhether any fading had taken 
place, because the relection in red portion of the sr>ectrum was 
reduced with fading. 
(6) The Gardner colorimeter g.ave rapid indication of \\'"heti .. er the 
sample colour \v-as stable to light and air. 
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CHAPTEH 13 
An Investigation of the Jt"'l_'!orescence of Erythrosine and the Quenching 
of this Fluorescence bv Certain Compounds 
13.0 Introduction 
Erythrosine, the ､ｩｾｯ､ｩｵｭﾷｳ｡ｬｴ＠ of 2:l.r:5:7 tetraiodofluorescein is 
fluorescent in solution although it does not appear to be. significantly 
fluorescent in luncheon meat. . This is an importat1t aspect, because 
certain colour measuring instruments do not allo"'• for fluorescent 
samples in their analysis of the light they receive from the sample and 
they would give an inaccurate result for a fluorescent ｳ｡ｮｾｬ･＠ colour. 
Samples of luncheon meat '"ere examined to see if any fluorescence could 
be detected. Erythrosinc solution '"as then added to the various com-
ponents of the · luncheon meat mix to examine their effect on its • 
fluorescence. The seasoning \\•as examined. in detai 1 to see \vhich of its 
components had any effect on a more dilute erythrosine solution. 
Samples of luncheon meat containing ｾｲｹｴｨｲｯｳｩｮ･＠ at levels of 5, 10, 15 
and 20 ppm '"'ere observed under an ultra Vlol.et lamp in a darkened room. 
Using a solution of 20 ppm erythrosine, the exitation and emission ,.,-ave-
ｾＭ･ｮｧｴｨｳ＠ were determined at 356 nm and 560 nm ｲ｣ｳｰ＼ｾ｣ｴｩｶ･ｬｹＬ＠ using an 
Amica spectrofluorimeter. The spectrofluorimeter was then set to emit 
ultra violet radiation at 356 rm1 and to measure the emission of light 
at 560 nm \vith 'gain one' lamp slit \'lidth 2 nun, and sensitivity at ＹＰＹｾＮ＠
100 ml ::tliquots of a S<?lution of 20 ppm erythrosine in distilled ,.,.ater 
,.,.ere added to 5 gm portions of meat, fat and comminuted meat and fat, 
and to other luncheon meat components, seasoning, salt, farina and nitrite, 
as given in Table 13.2. The mixtures ,.,.ere left for 2 hours to react, 
filtered, and the filtrate was measured on the ｳｰ･｣ｴｲｯｦｬｵｯｲｩｭ＼ｾｴ･ｲＮ＠ The 
··material left after filtering ,.,..as examined under an ultra violet lan1p in 
a dark'room, and under 'artificial daylight' in the light box. The 
seasoning components were added separately to 100 ml aliquots of a 
solution of 5 ppm erythrosine as given in table 13.3 and treated as 
above. The concentration ｯｲＢｴｨｾ＠ erythrosine solution ,.,..as reduc-ed from 
20 ppm to 5 ppm to ･ｭｰｨ｡ｳｩｾ＠ the effect of minor components such as the 
: 
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garlic pmv-der. As \vell as measuring the fluorescence of the filtrates, 
their transmission spectra ,.,ere obtained using the Unicnm S .. P. 800 by 
scanning from 350 nm to 700 nm. 
13.2 Results are in ｔｮ｢ｬ･ｓＱＳＮＱＬｾＳｾＲｾＳ･Ｓ＠ and Figure 13.1. 
13o"3 Interpretation of Results 
No fluorescence \V'HS ｳ･Ｈ Ｍ ｾｬｬ＠ \vhen the luncheon meats were placed under an 
ultra violet lamp (Table 13.1). The effects of the luncheon meat com-
ponents on the fluorescence of a 20 ppm erythrosine solution are shm\'n 
in Table 13.2. ·The fat had no effect., the nitrite, farina and salt had 
a small effect, the seasoning a moderate effect, and the meat and 
connective tissue a significant effect. The meat, connective tissues 
and seasoning vrhich took up the dye and becnme pink did not a11pear to 
fluoresce when seen under an ultra violet lump in the dark. 
'l'he effects of the spice components on the fluorescence of a 5 ppm 
erythrosine ' solution are sho\'ln in Table 13.2. 'l'he dexti-ose had no 
significant effect, the garlic po\'lder a small effect, the mono sodium 
glutamate and ground \vhi te pepper a large effect and the coriander a 
very significant effect, such that the fluorescence of ib; filtrate was 
only 10% of that of the initial erythrosine solution. Transmission 
spectra (Ii'igure 13.1) shm'l- that the filtrates from the samples contain-
ing ground '"hi te pepper and coriander had reduced absorbance at 530 nm 
where the erythrosine solution had shm'ln stronH absorbance. There ｋＬＺｾｳ＠
little difference betv1cen the spectra of the standard erythrosine solu-
tion and ｴｨｯｳｾ＠ of the filtrates from the solutions containing the 
other seasoning components. 
ＱＳＮｾ＠ Discussion 
Certain luncheon meat components affected the fluorescence of the 
erythrosine solution. The fat had little effect ,.,hich \.;as expected us 
the dye is water soluble, not fat soluble; but \'/here connective tissue 
occurred 'd th the fat the dye bound to the protein. It is ,.,.ell knm'ln 
· that dyes bind in this \'lay wi t"h proteins and there are methods of 
ｰｲｯｴ･ｩｾ＠ analysis which use this principle (Pearson 1970). The protein/ 
dye binding also occurred \-lith the meat, at its surface. Only a small 
amount of meat \'las used with a large voltune of dye and yet it rapidly 
absorbed the erythrosine. It can be deduced that 'd th the larue amount 
of meat usually used in a luncheon meat recipe that the meat could 
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absorb all of the dye on to its surface and leave none in solution 
to fluoresce. 
It lias seen that farina had little effect \dth the dye, that nitrite 
had a small effect, the salt some effect and the seasoning quite a 
significant effecto Further studies carried out using the seasoning, 
showed that the components ,.,hich had the greatest effect with er)•thro-
sine were ground white pepper and coriander, and to a lesser extent the 
mono sodium glutamate. The effect of the last component is not cle.-u-
because its filtrate and the standard erythrosine solution had an 
identical transmission spectra yet the fluorescence of i t.s filtrate ,.,..as 
less than that of the standard erythrosine solution. The mono sodium 
glutamate did not look very pink after filtering in comparison with the 
ground white pepper which caused a simila't" quenching of the fluores-
cence of the erythrosine solution but also had a different transmission 
spectrum a 
13.5 Conclusion 
Erythrosine appeared to 'bind' to connective tissue, meat, coriander 
and ground white pepper; and to interact \·lith the mono sodium glutamate 
such that its fluorescence Ｇｾ｡ｳ＠ quenched and it was no longer water 
soluble., 
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General ｄｩｳ｣ｵｳｳｩｯｾ＠
According to the Concise Oxford Dictionary 5th Edition, the definitions 
of the \\'Ords 'acceptability', 'appearance' and 'colour' are.-
Acceptable is worth accepting, pleasing, welcome. 
ｾｰｰ･｡ｲ｡ｮ｣･Ｌ＠ the look, aspect, semblance. 
Colour: ( 1) sensation produced on eye by range of decomposed 
light. 
(2) a particular hue, one or any mixture, the 
constituents into which light decomposes as in 
spectrum, including loosely black \'/hi te. 
An acceptable product., \'/ould be eaten w'ithout any hesitation, because it 
has the correct quality attributes, colour, appearance, aroma, flavour, 
texture. The consumer has to actually eat the product to gauge its 
flavour and texture, and other ｯｲｧ｡ｮｯｬ･ｰｾｩ｣＠ qualities, but has already 
judged acceptability by the product's colour, appearance and odour 
before putting it in the moutho Therefore, this study \>lhich is 
restricted to colour and appearance consi.ders the initial stages of the 
consumer's judgement of the acceptability of the product. 
It became apparent that there are at least t\m recognised meanings for 
the ,,rord colour, in the everyday language. The first, means pigment or 
paint, and is often used to refer to a dye or artificial colouring 
matter. The second is a colour response by the eyes, nerve and brain, 
e.g. 11 pale pink11 is a colour. This is the facet considered in this 
study and was judged by both visual assessment and instrumental 
measurement. There \'/as a reasonable correlation beh\'een the t''lo 
techniques o 
Ho,.,ever, acceptability is a personal factor requiring human judgement 
and although instruments can be used to measure parameters \'lhich 
determine \vhether or not a product is acceptable, only the human eye and 
brain can evaluate all the parameters to decide \\"hether the appearance 
of a ｾｲｵｮｰｬ･＠ is satisfactory. For example, the colorimeter showed 
whether the colour of a sample \'las \d thin an area of acceptable colours, 
but it did not distinguish which components made up that overall effect. 
The sample could have been unacceptable to the panel because of ｴｨｾ＠
unsatisfactory size of distribution of the meat and fat particles, even 
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though its overall colour ｜ｾ｡ｳ＠ good. Final judgement is a very personal 
factor and techniques of evaluating this needed to be considered. 
ＱｾＮＱ＠ Assessment of the Acceptability of Luncheon Meat Colour and 
Appearance 
If a ｮ･Ｇｾ＠ product is to be marketed by a firm, the assessment of the 
acceptability of the samples would probably be judged by a house to 
-house survey \'lhich might require w·ell over 50 households per sample. 
This method was considered to be beyond the scope of the study. The 
in-store observation technique used by Hood(1973)could not be used here, 
because the samples \tfere made in unlabelled tins and even if vacumn 
packed the samples did not look like commercially made products, because 
of their size and shape. 
The acceptability of the samples was judged by panel assessment, in 
\ihich a group of selected people judged the samples and recorded their 
decisions on a questionnaire as described in Chapter 5· This me:thod had 
advantages in that results \'/ere obtained quickly and standard conditions 
could be used. 
The size and experience of the panel \'/as an important aspect. A random 
group of panellists might well represent a random group of households 
but could present problems in achieving standardisation between viewings. 
It \'las found that panellists required some experience if they "'ere to 
interpret questionnaires correctly and give consistent replies and the 
advantages of having a reliable group of people ,.,ho ｡ｴｴ･ｮ､･ｾ＠ vie,.,ing 
sessions promptly, outl'leighed the desire to have a large random panel 
representing the consumer. As shmm in Chapter 6, it \'/as desirable to 
have people with normal colour vision on the panel. 
It \'laS important that all vi. ewing conditions \'iere standardised. 
Photographs 3·7 and 3a illustrate the importance of having the same 
coloured backgrounds for the samples. The colours of the samples looked 
quite different on the light and dark backgrounds. The light background 
is common in practical use (e.g. shop tr&ys, \vhi te domestic plates) and 
in most experiments the samples \fere presented to the panel on a white 
bacltground. The dark background was used for the photographs so that 
they showed up against the ｜ｾｨｩ＠ te pages. 
It \'ias difficult for the panel to explain all of its feelings about the 
colour and acceptability of a product in a short viewing session. 
Therefore, a number of questionnaires ,.,..ere used, as described in 
Chapter 5, in '"hich different aspects of the colour and appearance \rtere 
examined by ·the \rariation in approach of the different fonns. 
A standard sample \'las included in each case so that each assessment 
could be compared, and it was possible to see how the panel behaved over 
a s·eries of viewings. ｔｨｾ＠ standard used, \'las Plumrose, and it \'las 
possible to apply ｣ｾｲｲ･｣ｴｩｯｮｳ＠ if the acceptability scores '"ere inconsis-
tent. It \v-as useful to compare the general acceptability forms 1 and 2 
\dth detailed forms such as 6 and 7. Correlations \'/ere made bet\<leen 
colour measurement, colour acceptability scores and colour assessments. 
In Chapter 1.0 9 the level of erythrosine \ras varied by small amounts 
\rhich resulted in a gradual increase in the pinkness of the product, as 
the erythrosine level \'las increased. Gardner 'a' values, indicating tlie 
pinl{.ness of the samples \'lere compared to Panel acceptability scores for 
colour using form 10, and it was seen that a linear relationship existed 
Y = 6.45 + 2.07X, \·There Y \'las the Gardner 'a' value and X the accepta-
bility scores for colour. Ho\'lever, using the same set of samples, no 
linear relationship \'las found bet\\•een the Gardner 'a' values and 
acceptability scores from form 2. The acceptability scores here included 
factors other than colour, ･ＮｾＮ＠ the meat and fat particle size, so it 
,.,as apparent that the more detailed forms for colour acceptability or!ly 
gave more useful information \'/hen they \'/ere to be compared to instru-
mental colour data. 
14.2 CoJour Measurement 
Due to the nature of the food, accurate colour measurements are difficult, 
and luncheon meat \V"as no exception. Luncheon meat generally has a 
mottled appearance which hampers colour measurement. The eye is able to 
appreciate that white pieces of fat and red pieces of meat mal<e up its 
appearance. Hmvever, a colorimeter or spectrophotometer can only measure 
the area of sample over the sample port. If the instrument had a small 
vie\tfing area it. sm.,r either a \V""hite fat particle, or red meat particle or 
mixture of the two. Using a _larger port, it measured more of each type, 
and ｧｾｶ･＠ a result for the mixturee ｉｾ＠ is difficult to suggest improve-
ments .to instrwnents because the eye makes allowances for textural 
effects, gloss, shape and bf:lckground \then it judges a colour and appear-
ance, whereas colorimeters cannot evaluate all these factors. 
The colour of foods is often unstable as was observed with luncheon meat, 
and the colour may change during measurement. It is essential to prevent 
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this \there possible, aud in this case fading \vas significantly retarded 
by the exclusion of oxygen by vacuum packing. The pack served a dual 
purpcse of retarding fading and of enclosing the grease and fat inside 
an impermeable barriero Grease and fat \•rould other'.dse cause discolour-
ation of commercial standards (e. g. Huns ell chips) or affect the 
performance of instruments by smearing optical parts.. The pack also 
prevented small fragments_of sample breaking off, and falling into the 
equipment. 
The instrumental colour measurements from the Beckmann spectrophotometer 
and Gardner colorimeter, enabled sample colours to be defined and 
compared precisely, using standard units. It \'las possible to give the 
Xt y, Y or L, a, b units for samples, and immediately see that a 
difference of a certain amount of units existed. 'l'he C. I .E. x, y plots 
\•rere useful in ｩｬｬｵｳｴｊ Ｎ ｾ｡ｴｩｮｧ＠ hm'l the range of sample colours varied, and 
\rhether they ,.,.-ere inside or outside the area encompassing commercial 
sample colours. As mentioned in Chapter 6, the Gardner 'a' values ,.,ere 
a useful index of pinkness. The Huns ell chips \'lere useful in categoris-
ing the commercial sample colours, but the range was not comprehensive 
enough to distinguish all the colours of the laboratory prepared samples 
\'lhich \l!ere often very close although obviously different. 
After consulting the panel, brownness and pinkness \'/ere considered to be 
the t\'IO dominant colours \othich describe luncheon meat colour, and 
successful colour assessments \'lere carried out by .. iudging these t\'lo 
parameters. 
14:.3 ｃｯｾｯｵｲ＠ PhotortrC!P..hX. 
Colour photography proved to be most St'ccessful in this study. In most 
cases it was possible to get colour prints which closely resembled the 
samples. In a fe\'1 cnses it \vas difficult to compare the photograph to 
the actual sample \·thich \'las possible du.e to gloss effects caused by 
uneveness in the sample, and the fatty surface. ｅ｜＾ｾ･ｮ＠ \vhen the colour 
was not truly representative ·of the luncheon meat, the photographs ,...-ere 
,·useful in shO\rling other appearance characteristics such as the size and 
distribution of meat and fat particles. Their main function was to 
impart immediate information about the samples studied, and this '"as 
supported by colour measurement results and panel assessinent data. 
ｾ Ｍﾷ＠
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14:.1:1- Effect of Nanufacturing Procedure on Appearance 
An important criterion in any study of this kind is the asswnption that 
the model system realistically represents ｾｨ･＠ commercial product. In 
setting up the model system, the aim \'las to achieve a product ,.,.hich 
could be made \'li thin the constraints of a small scale system, ,.,hich ,.,..as 
similar to the commercial luncheon meats. 
A pilot plant \'las used for making the product and the ra\'f materials \vere 
obtained from commercial suppliers. Although a manufacturer may use a 
variety of cuts of meat, pork shoulder meat \'las consistently used in the 
recipe, in an effort to standardise batches. Pale soft exudate and dark 
cutting meat \'las avoided since this \lJ'ould have complicated the study. 
The lean and fat content can vary tremendously between similar cuts of 
meat, so using a combination of different cuts ,.,..ould have posed serious 
problems in maintaining a constant lean to fat ratio in the product. 
Care \'las taken to use meat of approximately the same fattness in each 
batch by cutting off any excess fat from ,the shoulder before dicing. 
ｾｦ･｡ｴ＠ from different shoulders and, similarly, back fat from different 
animals were mixed to minimise effects caused by variation between 
animals. ｾｰｩ｣･ｳ＠ can have variable composition ｾｯ＠ were obtained in quan-
tities sufficient for several batches at a time. Replacement spices 
\tere found to closely resemble the original specimens. Other ingredients 
\tere assumed to be standard. Ti"e. ｳｾｭｾｬｯＮＮＧＨＧｾ＠ ｾ＠ of Sa..rn(>\1!.-:, mC\ck w; tk 
lo..bc..rc-.L::•\/J O...V\.0-. C.C\'\'Ivne..v-cJ-.o.\. ｾ･ＮＮ｣＠ .... ＼ＺＮｾ｜ｲ｜ＺＢＢＭｪＧＺ＾＠ ;-;, s hov:.V\ i"'- \1Jhd .. c3 ｶＭｾＬｾｾ＠ :2.9. 
The luncheon meat \'laS made in 10 lb batches which is considerably 
smaller than the usual batch size found commercially, and obvious 
j 
differences arose because of this. The bo\'ll chopper used \'las a 20 lb 
MUller type, with relatively fast knife and bowl speeds, so the 
chopping time was less than that encountered ,.,i th the ｬ｡ｲｧ･Ｑｾ＠ slO\'ler 
industrial choppers. The bo\11 chopper \'las small enough for mixing to 
occur during chopping. Thus '"'he'reas in industry a special mixing step 
is often used, ·it was not necessary here. The chopper was not one of 
the vacuum type, \othich are found in ne\'ler industrial plants, so a step 
of de-aeration under vacuum \'las included '\·:hich \'/as similar to the 
; vaC\.\Uin mixing stage of older plants \vhich do not have vacutmt choppers. 
Small 8 oz round cans were used which \vere readily obtainable, easy to 
fill and seal, held a suitable amount of material for subsequent testing, 
, and for ｾＧｬｨｩ｣ｨ＠ the necessary heat process uas a reasonable time of one 
hour at 240°F. The 12 oz oblong cans are commonly used in industry but 
are more expensive, more difficult to fill and seam, and fe\ter cans of 
material could be obtained per batch. 
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Despite the differences in batch size and equipmenti lunchP-on meats 
\tere made \..rhich had similar colours and appearances to the commercial 
samples. The basic steps in making luncheon meat, the recipe and order 
of addition of ingredients in the chopping procedure were the critical 
factors \'lhich determined the final properties of the meat, and allow-
ances \'/ere made as described in Chapter 5 ·to overcome other differences, 
ｴｯＮｧｾｶ･＠ comparable products. 
The heat process was carried out to give an Fo value of 1 (Chapter 5). 
The calculation \\"as carried out for five processes, and it \tas found 
that because the cans, ingredients and all the retort parts were 
standardised, a standard time at the required temperature couid be used9 
For all heat processes the retort temperatures were monitored and a 
standard was set of 60 minutes at ＲｾＰﾰｆＮ＠
1q.5 Variation in Ingredients and Their Effect on Product ｾｯｬｯｵｲ＠
Sodium nitrite '"as a most important ｩｮｧｲｾ､ｩ･ｮｴ＠ and at very J.m·t concentra-
tions ( 10 ppm) it produced the acceptable, cool<ed cured colour. 
(Chapter 9)·. '!'his is lower than the level found necessary for cured 
colour develoilment in bacon of ;30 ppm (Ranken 1974)o At lower levels 
there was insufficient nitrite to cure the \'/hole of the sample, and 
patches of pink cured colour and brm·1n uncured colour \'/ere visibleo The 
areas of uncured colour '"ere small when 5 pp1i1 initial nitrite "'·as used, 
but quite considerable \dth an initial nitrite level of 2o5 ppm. At 
levels above 10 ppm, up to the LillO ppm in,restigated, acceptable cured 
sample colours \•tere formed. As discussed in Chapter 12, the colour of 
the cooked cured pigment \<las unstable to light and air, and faded. 
The use of sodium ascorbate as '"ell as sodium nitrite in prcducing and 
maintaining an acceptable cooked cured meat colour \<las investigated in 
Section 9.2 but it \<las found that ascorbate had no obvious advantages 
over the use of sodium nitrite on its mofn .. 
It was sho,.,.n in Chapter 11 that a small variation in the lean meat 
,. content of the product had an insignificant effect on the product 
appear,ance. Noreover when 2096 of the lean meat \'las replaced by Temptein 
a satisfactory product ,.,as produced. \vhen the cured meat content \'las 
reduced by ＲｾｾＶＬ＠ the background pink colour was affected, but the addition 
of erythrosine could compensate for this. A level of 7.5 ppm erythrosine 
produced an acceptable colour in a sample which contained 20% Temptein· 
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A level of 5 ppm erythrosine gave an acceptable colour to a sample 
containing 10% Temptein, but the sample containing 20% Temptein 1'1i th 
this level of erythrosine was pale because there l'las insufficient 
artificial colour to.replace the lost cured meat colour. Precured 
meat ·,.,as used in addition to the normal fresh meat, and acceptable 
samples were made but had no obvious advantages over the use of fresh 
meat (Chapter 11). 
Small variations in fat content had no visib.le ef.fect on sample appear-
ance (Chapter 11). Commercial spice mixtures have unspecified amounts 
of various spices. Therefore laboratory prepared spice mixtures \'/ere 
made up ,.,ri th knO\m quanti ties of component spices. The spices had 
some effect on product colour and appearance ,.,hen bound to erythrosine, 
as discussed in Chapter 11. Standard quantities of sodiwn chloride and 
Farina \•rere used in all cases. Tap \'later was used \'lhich \'las rather 
hard in the Leatherhead area. It \'/as always used in standard quanti ties 
and it dissolved up any permitted colouring matter. 
14.6 The Choice of Colouring Matter 
After examining the possibilities of using various colouring matters i:a 
" 
luncheon meat it was seen that erythrosine \'las the most suitable 
permitted artificial colouring matter 9 and red iron oxide the most 
suitable natural colouring matter for this purpose because they are heat 
stable. 
There is much dispute over \that is toxicologically safe and disagreements 
occur between ｳ｣ｩｾｮｴｩｳｴｳ＠ of different countries. It has been forecast 
that \'li thin 10 years · or so Ｇｾ･＠ may see a ceasation in the use of artific-
ial · colouring matters and only natural ones \dll be penni tted. 
(Counsell 1977). For this reason both natural and artificial colouring 
matters were examined. 
Some doubts have been raised over the toxicological safety of erythrosine 
and there \iere fears that under certain conditions iodine might be 
liberated from the molecules. (Butterworth 1976 (a) and (b)). However, 
there,is much evidence that erythrosine is one of the red colouring 
matters about \ihich there is the least suspicion (Hanson et al 1973 (a) 
and (b)). In this study it was seen that even at low levels erythrosine 
liithstood the heat process and subsequent storage of luncheon ｭ･｡ｴｾ＠ \'l'ith-
out any signs of decomposition. A detailed examination of samples 
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containing erythrosine before and after processing, lik<::!\dse shm,.ed no 
signs of breakdown of the dye, so there \'t'ere no reasons for alarm over 
its toxicity. 
Red ｩｾｯｮ＠ oxide is classed as a natural colouring matter and could be 
considered as an alternative if artificial colourings were no longer 
permitted. 
Artificial colouring matters have advantages over natural ones in 
sever a 1 \'lays. 
(a) they have a higher tinctorial pm,.er so less colouring is needed; 
(b) they are often cheaper; 
(c) they are manufactured on a large scale and their quality and 
composition can be controlled and standardised unlike colourings 
from natural sources; 
(d) they are more stable than the majority of natural colourings. 
For the ｰｲ･ｳ･ｮｴｾ＠ erythrosine \'lould appear to be the most suitable 
colouring matter for this purpose. 
Food colouring matters have a cosmetic role, thHy improve the appearance 
of the product but have no nutritional value and serve no other purposeo 
It is questionable \..rhether there is any justification for the use of 
colou_ring matter merely to Jtlake a product look appealing, if there are 
any doubts over their toxicological position. Thus, \cJ'hen examining food 
colours for their · use in luncheon meat, the aim \•ras to use the minimum 
necessary even if the colouring \'las thought to be perfectly safe. This 
is supported by cost factors. 
· Relatively lm'l levels of erythrosine, 8 - 10 ppm, produced acceptable 
colours in luncheon meat even in the absence of nitrite. No other 
permitted colourings could be used at this level, possibly due to decom-
position during the heat process, but they gave acceptable colours at 
; higher levels, e.g. Red 2G at 100 ppm was just acceptable, especially if 
nitrite \'las present. 
If red iron oxide \'t"as used in place of erythrosine the level of colour-
ing matter \rould have to be .i ... ｭｾｲ･｡ｳ･､＠ to 100 ppm, i.e. a ten fold 
increase. So the benefits of using a natural colouring \'lould be out 
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l1'eighed by a higher usage and there is no evidence to suggest that this 
would give an improved safety margin toxicologically. 
ＱｾＮＷ＠ The Elimin!!ion of Nitrite from Samples 
Luncheon meat is traditionally a cured meat product ,.,here sodium nitrite 
and sodiwn nitrate are added to the meat to give the cured characteris-
tics \1hich include :pink colour, flavour and microbiological properties. 
Becuase of the current ｾｯｮｴｲｯｶ･ｲｳｹ＠ over the use of nitrite, an under-
lying theme in this study was discovering \·rhether acceptable pink colours 
could be obtained in luncheon meat in the absence of nitrite. The other 
properties of flavour and microbial safety of a product made \ii thout 
nitrite \•rere not considered. One aspect \•lhich had to be overlooked w·as 
that the products made without nitrite were only given the same heat 
process as those '"it h 
microbiologically safe. 
nitrite and there is no guarantee that they '"ere 
0 However, cans \'/ere stored at 5 C after ｰｲｯ｣･ｳｳﾷｾ＠
ing '"hen nitrite '"as not included in the recipe and selection of these 
cans \'/ere opened after three and a half years storage. There were no 
signs of any bacterial grm1th in any of the cans. 
ＱｾＮ＠ 8 Commercial Samples 
It \'las found that the colours and appearances of the commercial luncheon 
meats covered a \'lide range. The colours varied from samples 'd th high 
levels of artificial colour, to pale pinkish brown samples. The pink 
'cured meat' coloured samples \'iere the middle of the colour range. 
Colour measurements defined tl'.e variation in terms of C. I.E. x, y va.iues 
as between x = .353 to .398 and y = .319 to ＮＳＴＸｾ＠ or Gardner 'a' values 
a = 6.7 t.o 13.4. The paleness of some samples could have been due to 
fading which occurred during the short time bet\1een opening the tin, 
slicing and vacuum packing. This time interval was the same for all 
samples and w·ould be ｬｾｳｳ＠ than that normally associated \'lith opening, 
slicing and serving on to plates and eating the product. Therefore, the 
fact that some samples fa.ded slightly \'lhilst others remained very pink 
was important because the house,dfe \•muld make the same observations. 
· The appearances of the samples varied from the homogeneity of some 
ｳ｡ｭｰｬ･ｾ＠ to the heterogeneity of those \'li t.h large meat and fat partie les .. 
Other samples had a homogeneous background with just a few large meat 
and fat particles \)'hich looked rather incongruous. 
.., 
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Despite the differences in colour and appearance, the commercial samples 
must each have purchasers for them to be on sale. Certain samples 1·rere 
preferred to others, but none could be said to be unacceptable. 
Therefore, the boundaries ･ｮ｣ｯｭｰ｡ｾｳｩｮｧ＠ commercial sample colours or 
other parameterf? such as meat and fat particle size and distribution \'lere 
established to define areas within which samples could be said to be 
acceptable. Laboratory samples \\fere measured for colour, or othel'' 
-features and compared \'lith this range if they lay inside the established 
area they were said to be acceptable, but if they· '"ere outside they were 
said to be unacceptable. 
There \vas still lea,.,.ay to decide \'ihich characteristics of samples were 
most acceptableo For example the Plumrose and Halls samples had a good 
'cured ｰｩｾｾＧ＠ colour and fairly large meat and fat particles, and were 
considered to be very acceptable. Artificially pink homogeneous samples 
,.,ere less a.cceptable but very pink heterogeneous samples \'lere acceptableo 
Many consumers ｾ｣｣･ｰｴ･､＠ that the product was a 'cheap meat', Rnd some 
felt that there \'/as little 'lean meat' but a. lot of filling. Therefore, 
the claim on ｾｯｲｮ･＠ commercial tins of '80% meat 1 \\'ould reassure those 
people. 
14.9 T.o cone lude, colour \'l-as found to be an important attribute of a 
food product such as luncheon meat, '"hose colour could deviate slightly 
from the traditional cooked cured meat pink colour, although major 
deviations made t.he sample unacceptable. If future restrictions prevent 
the use of sodium nitrite ,.,hich is needed for the development of the 
cooked cured meat colour, the acceptability of the product ｾｯｬｯｵｲ＠ \\'ould 
be affected because the penni tted red colourings do not ha\re the same 
hue as the cured meat pigments and so products containing them have 
slightlY different colours. This is further affected by the heat process 
which causes decomposition of certain colouring matters. 
The chopping procedures used to make the product govern its degree of 
;homogeneity. The meat and fat particle appearances lihich results affect 
the cop.sumer.' s judgement of quality and combine \ti th the colour impact to 
make up the overall appearance acceptability of luncheon meat. 
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Achromatic -
Ascorbate -
Appearance -
Allura red -
Bmtl chopper -
GLOSSAHY 
Visual sensations devoid of the attribute of hue: 
neutral, e.g. \'lhite, grey, bleck. 
Sodium ascorbate, possesses ｡ｾｴｩｯｸｩ､｡ｮｴ＠ activity. 
The aspect of visual experience by \\'hich things 
are recognised. 
A non pennitted colouring matter, FD+C Red no 40. 
It consists. principally of the disodium salt of 
6 -hydroxy-5 [(2-methoxy-5-methyl-4-sulphophenyl) 
azo] -2-naphthalene sulphonic acid. 
Hachinery used for conuninuting meat products. 
Commision International D' Eclairage - International body which makes 
recommendations on all matters concer·ning colour. 
Chopping Procedure - Procedure used in adding ingredients for set 
times to the bowl chopper so that the required 
level of comminution is achieved. 
Chroma -
Chromaticity -
Curing salts -
. . 
< 
Diffuse 
Dominant 
ｾ･ｦｬ･｣ｴｩｯｮ＠ -
ｷ｡ｶﾷｾｬ･ｮｧｴｨ＠
Erythrosine -
Fading·-
Farina -
Subjective estimate of colour fulness. 
The colour quality of a stimulus ,.,ri thout reference 
to the luminance as defined by t\'IO of the 
trichromatic coefficients, x and y, dominant 
\'lave length and purity. 
Sodium chloride and sodium nitrite, also sodium 
nitrate in soll'le cases, or the potassium salts • 
Process by '"hich incident light is re-directed 
a range of angles from the surface on \'lhich it 
incident. 
- Objective specification of hue. 
over 
is 
A permitted colouring ｭ｡ｴｴ･ｾ＠ consisting of the 
､ｩｳｾ､ｩｵｭ＠ salt of 2:4:5:7, tetra-iodo-fluorescein. 
ｃｾｬｯｵｲ＠ index No. 45430. FD+C Red No. 3, EEC No. 127. 
A colour change in a material that involves a 
｜Ｇｬ･｡ｫ･ｮｾｮｧ＠ or lightening with time, usually as a 
result of exposure to light, the \'leather, etc. 
Potato starch. 
Fibre optics -
Fluorescence -
Fo Value -
Gloss -
Hedonic scale -
Hue -
Ishihara test -
Korimat -
K/S values -
Lightness -
Ltuninarice -
.... 
Harbling·-
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A mean.s of transmitting light, based on the fact 
that a transparent fibre of a homogeneous trans-
parent material such as glass or plastic when 
enclosed within a material having a lower index of 
refraction will transmit light by a series of 
internal reflections. 
The process by ,.,hich electromagnetic radiation of 
one spectral region is absorbed and reradiated at 
other ,,ravelengths, usually longero 
The amount of heat destruction or lethal rate for 
clostridium botulinum spores equivalent to heating 
0 for one minute at 250 Fo 
The property of a surface responsible for lustrous 
or mirror like appearance. 
Scale used to judge acceptability by likeness ratings .. 
Red, ｢ｬｵ･ｾ＠ green, yellow, etco Subjective colour 
distinctionso 
A book containing visual tests used to assess 
\'lhether a person has any colour defect. 
Nachinery used to remoYe air from the luncheon meat 
mix. 
Measurements of meat colour. 
Subjective estimate of luminance factor. 
Objective measure of photometric intensity per unit 
area • 
Fatty material amongst meat fibres ''lhich affects 
the appearance of a piece of meat. 
r·lunsell Colour System - A system of surface colour specification based on 
perceptually uniform colour scales for 3 variables 
Nyoglobin -
Nitrite 
Nitrate -
hue, value, and chroma. 
The · pigmcnt responsible :for oxy_gen transfer Ｇｾｩｴｨｩｮ＠
the muscle, purplish red in colour. 
Sodium nitrite. 
Sodium nitrate. 
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Nitrosohaemochromagen ... The pink ｰｩｧｭＨｾｮｴ＠ of cooked cured meato 
Nitrosomyoglobin -
Organ?leptic 
Oxy1_nyoglobin -
Panel Assessment -
Photodetec tors -
A pink pigment developed as a result of the action 
of nitrite on myoglobinD 
Properties of a food judged by tasting, i.e. aroma, 
flavour, texture, ｭｯｾｴｨｦ･･ｬＬ＠ etco 
Bright red pigment, formed \'lhen myoglobin is 
associated \'lith OA.'Ygen. 
Judgement made by a group of people - the panel -
about the product, characteristics o 
Devices for converting radiant or luminous flux 
into an electric current of proportional size. 
Photoelectric tristimulus colorimeter - A colour measuring ｩｮｳｴｲｵｭ｣ｾｮｴ＠
Purity -
Red 2G -
using ｰｨｯｴｯ･ｬ･｣ｴ｜ｾｩ｣＠ detectors in '"hich the source -
filter - detector response characteristics are 
adjusted so that the instrument reads the tristimulus 
values or related quantities. 
Objective measure of saturation. 
A permitted colouring matter - disodium salt of 
8-acetamido-2-phenylazo-1-naphthol-3:6-disulphonic 
acid. 
Reflectance spectrophotometry - The measurement of reflectance from a 
sample at each \'lavelength in the visible spectrum, 
using a Spectrophotometer • 
. ｾ･ｦｬ･｣ｴ｡ｮ｣･＠ spectra - A plot of % reflectance against wavelength. 
Reflectance value -
Saturation -
% reflection at any given \t/avelength. 
Subjective estimates of colourfulness relative to 
total sensation. 
Sensory evaluation - Subjective assessment, judged by persons using 
their senses. 
Specular reflection - Process by which incident light is redirected at 
the specular angle, as from a mirror, ''li thout 
diffusion. 
Temptein - A type of texturised vegetable protein made by 
Niles Laboratory. 
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Texturised VHgetable Protein - Vegetable protein subjected to various 
processing techniques so that its texture is 
altered and can be made to resemble that of meato 
Translucency - The property of a material by \vhich the major 
portion of the transmitted light undergoes 
scatteringo 
Trichromatic coeffic.ients - x, y, z in the C.I.E. System \\'here x + y + z = 1, 
only tw·o of the three thrichromatic coefficients of 
a colour are independent • . They measure the colour of 
a stimulus independently of the luminance, since they 
define the ､ｩｲ･｣ｾｩｯｮ＠ of the colour vector only. 
Trichromatic system - Any system of colour specification based on the 
possibility of matching all colours by the additive 
mixture (positive or negative) of three suitably 
chosen standard stimuli. 
Trichromatic Units - Relative units of stimulus quantity applicable to 
stimuli of any colour and such that the quantity of 
any colour and such that the quantity of any stimulus 
Ｇｾｨ･ｮ＠ expressed in these units is equal to the sum of 
the trichromatic co-ordinates. 
Tristimulus values 
Vacuum packing -
. . 
' 
Value -
Vie\'ling cabinet -
Vie,dng form -
The three co-ordinates of a colour in any three 
dimensional trichromatic system of colour 
specification. 
ｾｬ･ｴｨｯ､＠ of packaging \'lhich eliminates air by dra,'ling 
a vacuum inside the pack • 
1-ieasure of lightness on subjective scale of equal 
steps. 
Cabinet of neutral colour, containing a standard 
illuminant in ,...-hich samples are placed for 
assessment • 
Questionnaire instructing panel to judge particular 
characteristics about a sample, indicating a given 
scale or method of shmdng their decisions. 
- :1.58 -
｜ｾｯｩｧｨｴ･､＠ ordinate method of intergrating X.YoZ. values. A method of 
arriving at ｘｯｙｾｚＮ＠ tristimulus values by 
multiplication at equal \'lave length intervals, of 
values of spectral reflectance by 'veighting 
factors that are products of spectral energy values 
and spectal tristimulus values followed by addition 
of these products. 
Young Helmholtz theory of colour vision - A theory ＧＧｾｨｩ｣ｨ＠ suggests that 
there are three different kinds of retinal 
n.m. 
m.l. 
p.p.m. 
C.I.E. 
x, y, z 
X.Y.Z 
L.a.b. 
. ' 
,. 
receptors which when separately aroused, give rise 
to the colours red, green and blue, respectivelyo 
ABBHEVIATIONS AND SYMBOLS 
nanometres 
millilitres 
parts per million 
Commission Internationale D'Eclairage 
C.I.E. ｴｾｩ｣ｨｲｯｭ｡ｴｩ｣ｩｴｹ＠ co-ordinates 
C.I.E. tristimulus values 
Hunter colour difference terms 
\'lave length 
ｾｾ＠ ｣Ｎｬｾ＠
-
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Photographs illustrating the Colour and Appearance of 
Commercial Luncheon Meats 
Photograph 1 
Photograph 2 
Walls 
Dana 
Hafnia 
Danoxa 
Fine Fare (Danish) 
Plumrose 
Marks & Spence r Ye Old Oak · 
Cured Pork 
Fine Fare (Dutch) Spam 
Halls Tesco 
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Photographs Illus t rating the Colours and Aopearances of 
Comme r cia l Luncheon Mea ts 
. 
Photograph 3 
Photograph 4 
Ye Olde Oak 
Sainsbury 
Walls 
100 ppm ·Red 2G 
100 ppm Red 2G 
100 ppm Nitrite 
Plumrose 
Co-op 
Fray Bentos 
Unox 
Celebrity 
Fine Fare (Dutch ) 
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Photograph Compa r ing the Appearance of Samples made by 
Pr ocedures A and B ,..,i th Commercia l Sampl es 
Laboratory Prepared Samples made by Procedure A 
No added 
colouring 
or nitrite 
Photog-ra.E!!...§. 
lJana 
｢ ｴＮｾｬｩ｣ｨ｡･ｬ＠
Chopped Ham 
100 ppm Allura Red 
100 ppm Allura Red 
100 ppm nitrite 
Laboratory Prepared Samples made by -
Procedure---B 
containing 
100 ppm nitrite 
Fine Fare (Dutch) 
Co-op 
Tesco 
, ·-. · 
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Photographs Illustra ing ATJoearan es of s amples made by 
Various Chopping Procedures 
Photograph 7 
Procedure C 
Procedure E 
Photograph 8 
Procedure G 
Procedure I 
- -
Procedure D 
Procedure F 
Procedur H 
Procedure J 
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Photographs Illustrating the colours of samples containing 
Various Levels of Nitrite 
Photograph 9 
25 ppm Nitrite 
100 ppm Nitrite 
Photograph 10 
250 ppm Nitrite 
10 ppm Nitrite_ 
50 ppm Nitrite 
150 ppm Nitrite 
20 ppm Nitrite 
15 ppm Nitrite 
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Photographs ｉｬｬｵｳｴｾｾｴｩｮｧ＠ the Colours of Sam2les Containing 
Various combinations of Nitrite and Ascorbate. 
Photograph 11 
Photograph 12 
10 ppm Nitrite 
400 ppm Ascorbate 
2S ppm nitrite 
200 ppm ascorbate 
SO ppm nitrite 
100 ppm ｡ｳｾｧｲ｢｡ｴ･ ﾷ＠
SO ppm nitrite 
No ascorbate 
SO ppm nitrite 
200 ppm Ascorbate 
· SO ppm nitrite 
No Ascorbate 
SO ppm nitrite · 
1SO ppm ascorbate 
100 ppm nitrite 
No ascorbate 
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PhotograEhs Illustrating Colours of Samples ｣ｯｮｴ｡ｩｮｾｮｧ＠
Various Colouring Matters 
Photograph 13 
no erythrosine 
100 ppm nitrite 
20 ppm erythrosine 
100 ppm nitrite 
Photograph 14 · 
no colouring matter 
(no erythrosine) 
Dak 
no nitrite ·- co-op 
100 ppm nitrite 
Dak 
100 ppm erytprosine 
100 ppm nitrite 
100 ppm erythrosine 
100 ppm erythrosine 
10 ppm erythrosine 
100 ppm nitrite 
..,. • ., I 
167 
Photographs Il lustrat ing the Colours of Samples Contain·ng 
Various levels of Erythrosine 
Photograph 15 
Photograph 16 
0.5 ppm erythrosine 
2.0 ppm erythrosine. 
6.0 ppm erythrosine 
8.0)ppm erythrosine 
1.0 ppm erythrosine 
3.0 ppm erythrosine 
7.0 ppm erythrosine 
9.0 ppm erythrosine 
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Photographs ｉｬｾｵｳｴｲ｡ｴｩｮｧ＠ the Colours of ·Samples Containing 
Erythrosine 
Photograpk 17 
4.0 ppm erythrosine 
10.0 ppm erythrosine 
Photograph 18 
5.0 ppm erythrosine 
15.0 ppm erythrosine 
Samples containing 20 ppm erythrosine, no nitrite 
Samples containrng 20 ppm nitrite, no colouring matters 
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Photograph Illustrating Colours of Samples Containing 
Various levels of nitrite and erythrosine 
Photograph 19 
ppm nitrite: 2.S 
ppm erythrosine 0 
ppm nitrite: S.O 
ppm erythrosine 0 
Photograph 20 
SO ppm nitrite 
2.S ppm erythrosine 
2S ppm nitrite - · 
S.O ppm erythrosine 
2.S 
2.S 
s.o 
2.S 
2.S 
s.o 
s.o 
s.o 
SO ppm nitrite . 
. S.O ppm erythro_sine 
100 ppm nitrite 
S.O ppm erythrosine 
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Photographs Illustrating the Colours of Luncheon Meats 
with added Colouring Matters 
Photograph 21 
Photograph 22 
100 ppm ironoxide 
15 ppm erythrosine 
lake 
10 ppm cannine 
..._ . 
50 ppm nitrite 
10 ppm Cannine 
100 ppm ironoxide and 
SO ppm nitrite 
lS ppm erythrosine lake 
SO ppm nitr.ite 
100 ppm nitrite 
171 
Illustration of the Colour and Appearance of Luncheon 
Meat containing a variation in Meat Content 
Photograph 23 
47.5% lean meat 52.5% lean meat 
Unox 
50.0% lean meat 55.0% lean meat 
Photograph 24 illustrating appearance of samples containing precured meat. 
Precured meat samples with:-
No extra nitrite--
SO ppm extra nitrite 
25 ppm extra nitrite 
No precured meat 
100 ppm nitrite input 
t 72 Photographs Illustratlng the Colour and ·Appearances of 
Luncheon Meats Conta ining Variable levels of Temptein 
and Erythr os ine 
Photograph 25 
10% Temptein 5 ppm erythrosine 
30% Temptein 5 ppm erythrosine 
PhotograEh 26 
10% Temptein 5.0 ppm erythrosine 
20% Temptein 7.5 ppm- erythrosine 
20% Temptein 5 ppm 
10% Temptein 
erythrosine 
7.5 ppm 
erythrosine 
20% Temptein 5.0 ppm 
erythrosine 
30% Temptein 7.5 ppm 
erythrosine 
appearance 
Photograph 27 
10% Temptein 5 ppm erythrosine 
30% Temptein 5 ppm erythrosine 
2.0% Temptein 5 ppm erythrosine 
10% Temptein 7.5 ppm erythrosine 
Photograph 28 
20% Temptein 
7.5 ppm Erythrosine 
Midland 
30% Temptein 
7.5 ppm erythrosine 
Tudor Queen 
Donald Cook 
Dewfresh 
174 
Photographs illustrating ｴｨｾ＠ ｃｾｬｯｵｾｳ＠ and Appearances 
()f samples which have a ｖ｡ｲｬ｡ｾｬｯｮ＠ ln Spice ｾ､､ｩｴｩｯｮ＠
Photograpn 29 
Sample containing a 
commercial Spice mixture 
Sample containing the 
Laboratory made Spice 
mixture 
Photograph 30 
Lyric 
Fine Fare (Danish) 
Linhorst 
Samples containing spice impregnated with:-
2.5 ppm ･ｲｹｴｨｾｯｳｩｮ･＠ 5.0 ppm erythrosine 
7.5 ppm erythrosine Control sample containing 
50 ppm nitrite, no 
- erythrosine 
Photograph 31 
Fresh sample 
acceptable pink 
Photograph 32 
partly faded 
sample after 
exposure to light 
and air for 30 
minutes 
Lunch e 0 . Mea t Col our 
ｏ ｖ ｔ ｖ ｜ ｟Ｚ ﾷ ＺＺＬｾ ＭｦＭ ｮ＠ ｔＢｬｾｦＭＱ ＱＢｴＢｾ＠ 1 
..._. ...... , ..... _ .... , _......., ·------ -
complete ly faded 
sampl e after 
exposure t o ligh t 
and a ir for 3 hours · 
Samples containing 5.0 pBm erythrosine 50 p p1:. n '.trite 
exposed for 5 days at 20 C i n vacuum packs ｴｯｾ ﾷ Ｍ
'daylight ' · art i f i cial l ight ' 
'dark' 
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Photo ranhs showin - Colours o f Samole s 50 D Dffi 
or :-
Photograph 33 
1 minute 5 minutes 
Control in dark 
Photograph 34 
10 minutes 15 minutes 
C ntrol in dark 
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ｐ ｨｯｴ ｯ ｍｾｊＮｐｳ＠ ｉｬｬｵｾＡＡＧ｡｟ｴｴｾｧ＠ th_e ｃ ｟ ｰｬ ｯ ｾｲｳ＠ of Sam les ｣ｯｮｴ｡ｾｾｩｮ ｊｾ＠
50 ppm ｎｾｴｲｾｴ･＠ after Exposure to ｾ｡ｴｵｲ｡ｬ＠ Daylight at Ｒｯ ｾ｣＠
for:-
Photograph 35 
\ 
30 minutes 30 minutes 
Control in Dark 
60 minutes 60 minutes 
Photograph 36 
2 hours 2 hours 
Control in Dark 
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ｐｨｯｴｯ ｧｲ｡ｾｨｳ＠ Illustrating the difference in anparent 
colour or idenLit;al samples on a llgut ｡ｩｾｵ＠ Jcirk Lac.:kground 
Photograph 37 
n 
:r 
CD 
tn 
Photograph 38 
... · ... · 
J79 
Photograph LtO 
A Kodak Colour patch used to aid good co lour 
reproduction in the photographs . 
An illustration of 
the C.I.E. x, y, 
diagram 
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Appendix to ｃｨｾｾｴ･ｲ＠ 5 
Section 
The Equipment Used in Haking Luncheon Heat 
Ingredients 
Chopping Procedures 
Calculation of the Fo Value for the Luncheon Meat Heat Process 
Examples of Panel Assessment Questionnaires 
Tables 
·5.1 Luncheon Meat Recipes 
5.2 Labaratory Prepared Seasoning Recipe 
5·3 Calculation of l''o Value for a Luncheon :Heat Heat Process 
!i.gures 
5.01 Lethal Rate/Time Curve 
5.02 to 
5.12 Examples of Panel Assessment Questionnaires 
.. 
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Appendix to ｃｨ｡ｰｴｾｉＭｾ ﾷ＠
5.7.1 The Equipment_Used in Naking Luncheol'!,l1eat 
The bowl chopper used was an electrically operated 20 pound MUller bowl 
choi?pero It had two speed adjustmentso At the slm'ler. setting the 
knife rotated at 1500 rpm ｾｮ､＠ the bowl at 12i rpm. At the faster 
setting the knife rotated at 3000 rpm and the b0\'11 at 25 rpm. 'I'he bowl 
chopper consisted of a cast-iron approximately hemispherical bowl 'vhich 
\'las caused to rotate at slO\r{ speed \..rhile at the same time a set of 
knives working from a horizontal shaft rotated at a much greater rateo 
The knives were fitted at 120° to each other and set to within one-
thirty-second of an inch of the bowlo The knives were stainless steel, 
sickle shaped ,.,i th one flat face lying ｾｭＮＮＬ｡ｲ､ｳ＠ the centre of the chopper 
and a shaped and sharpened side pointed tm'lards the outside of the 
chopper. Since the bowl chopper was small, mixing occurred during the 
chopping procedure at these speedsa 
The Korimat cooker and autoclave enabled selective cooking in steam or 
\•later \'lith high, normal or lo'" pressure. The mix was placed · in shallm"' 
trays to a depth of 1 11 and several trays \'lere placed in the Korimat o 
The valve to the Korimat was opened and connected to a vacuum · pump. 
The air· was removed from the mix by applying a full vacuwn of t .hirty 
inches of t-iercury for fifteen minutes. 
The sausage filler used \'/as one of the vertical type of 20 lb capacity, 
consisting of a cylinder at the top of which \<Tas a heavy iron lid and 
just beneath this, the filling nozzle. The piston, operated by hand 
through a system of gears, \'laS not fully· lm·rered for a tO lb batch but 
adjusted to a sui table _level, and the mix put in carefully to avoid 
air pockets prior to extrusion through a 111 nozzle into the canso 
The cans used \•rere 8 oz (211 x 301) round sanitary tinplate cans, 
obtained from t-1etal Box and lined with a sulphur res:istant epoxy 
··phenollic resin coating or lacquer. This is necessary because during 
the retorting operation, sulphur is released from the meat proteins 
which can cause a black stain and because solid meat products are 
difficult to remove from cans., the coating contains a release agent to 
facilitate product removal. T1-i'e Netal Box can seamer double seamed 
the lids to the cans • 
..__ __________ _ ｾＭ ＭＭＭＭｾＭ --
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The retort was a vertical non-agitated batch type and . \'las a closed 
pressure vessel that operated in excess of atmospheric pressure up to 
15 p.s.i. using pure steam as the heating meditL'll for cooking. The 
steam- came from an outside source, a steam boiler and generator. 
5· 7 .• 2 ｉｮｧｲ･ｾ｟ｩ･ｮｴｳ＠
Factory supplied pork shoulder meat ,.,as collected _1-2 days after 
ｳｬ｡ｵｧｨｾ･ｲＬ＠ stored overnight at 5°C and used the following day. The 
meat was trimmed of excess fat and connective tissue and cut into cubes 
of approximately 1" before use. 
Factory supplied pork back fat \vas obtained in quantities sufficient 
for 10 batches. The required amount for immediate use ,.,as cut into 1" 
cubes, stored overnight and taken out of cold store \'lhen needed. The 
remaining fat was deep frozen until the night before use. 
Commercial luncheon meat seasonings consisting of emulsifying salts, 
spices, cereal binder, spice extractives, mono sodium glutamate, and 
sodium ascorbate were used. The exact formulati'on \vas not obtainable, 
Laboratory prepared .seasonings \'{ere made up as sho\tn in Table 5.2. 
ｦｬＭｴｯｴｯｾ•ＢＧｯＮＮｾｨ＠ ＧｬＮｾ＠ •ｒｬｲｾｾｶＭｯＮＮｴｴＮＺＩ＠ '5t\.Yl'\fle..<;:. ｍ｡ＮＮ｣ｬｾ＠ ｷｾｦｴＮＮＮ＠ k:>o\h. ｬｪＨＧ･ＮｾＮ＠
Commercial 'Vitacure' curing salts packs containing 90% sodium chloride, 
6% sodium nitrite and h% sodium ·nitrite were used. A .R. sodium ni tr:i.te 
a.nd sodium chloride were obtained from laboratory suppliers. 
Permitted colouring matters \'lere obtained from dye houses which 
specialise in food grade colouring matters. The colouring matters were 
dissolved in \tater before use. 
Other ingredients such as farina \tere obtained from conunercial suppliers 
to the food industry. 'Temptein' is based upon spun soya protein 
isolate fibres and soy protein concentrate. It has a random fibre 
structure and rehydrates to a ratio 3:1 water to dried Temptein. It was 
'obtained from Miles Laboratories. (Brown, E.J., 'A Guide for the 
Caterer'.) 
---. .. 
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Table 5.1 Luncheon Meat Recipes 
Amormts in Percentages 
Ingredients Reci12es 
1 2 3 4 5 6 7 8 9 
% % % % % % % % % 
Pork Shoulder 51.0 51.0 47.5 50.0 52.5 55.0 41.0 31.0 21.0 
Back Fat 29.0 29.0 32.5 30.0 27.5 25.0 29.0 29.0 29.0 
Farina 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 
Seasoning 1 2.5 
-
2.5 2.5 2.5 2.5 2.5 2.5 2.5 
Seasoning 2 
-
2.5 
- - - - - - -
Water Ice 14.5 12.65 14.5 14.5 14.5 14.5 14.5 14.5 14.5 
Salt 
-
1.5 
- - - - - - -
Vitacure 
-
0.35 
- - - - - - -
Temptein 
(rehydrated) 
- -
- -
-. 
-
10.0 20.0 30.0 
Levels of sodium nitrite and permitted colouring matter were as ｳｨｯｾｭ＠ in 
the text. 
Table 5.2 Laborato;v Pre12ared Seasoning 
Ingredient .Amount% 
Sodium Chloride 72.70 
Dextrose 6.16 
Ground 1Vhite Pepper 9.00 
Ground Coriander 3.00 
Garlic Pmvder 0.04 
·----Mono sodium Glutamate 9.00 
L-------'------'--- ---- ------ -
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5.7.3 Chopping Procedures 
Variation in Chopping Procedure 
,. The Addition of Ingredients to the Bowl Chopper and Time and Speed of 
Chopping Given 
Procedure A 
Stage 1 
Stage .2 
Stage 3 
Stage 4 
90% of the lean meat, salt, Vitacure and seasoning chopped 
at sl01v speed 30 seconds. 
The ice/water and 25% of the fat added and a fast speed chop 
given for one minute. 
The farina added during a 15 second slow· speed chop. 
75% of the fat and 10% of the meat added and a slow speed 
chop given for 2 minutes. 
Total chopping time - 3 minutes 45 seconds. 
Procedure B 
Stage 2 
Stage 3 
Stage 4 
Stage 5 
95% of the lean meat, water, salt, Vitacure and seasoning 
chopped at a slow speed for 3 minutes. 
Farina added over a 15 second slow speed chopping period. 
Fat added over a 15 second sl01v speed chopping period. 
Fast chop of total mixture 1t minutes 
5% of the lean meat added and mixture chopped for 30 seconds 
at fast speed. 
Total chopping time - 5 minutes 30 seconds. 
Procedure C 
Stage 1 
Stage 2 
Stage 3 
Stage 4 
Lean meat, seasoning and nitrite chopped for 2 minutes 
at slow speed, adding the water/ice slowly during this period. 
Farina added, during a 30 second slow chop. 
Diced fat added during a 30 second slow speed chop. 
Fast speed chop for 2 minutes 
Total ·chopping time- 5 minutes. 
. . --·-·---------------, 
Procedure D 
Stage 1 90% of the lean meat, sodium ni·bri te and seasoning chopped 
at slmv speed for 30 seconds. 
Stage 2 Ice/water added during 1 minute fast speed chop. 
ｓｾ｡ｧ･＠ 3 Farina added during 15 seconds slow speed chop. 
Stage 4 Fat and '10% of' the meat added and given two minutes chop at 
fast speed. 
Total chopping time - 3 minutes 45 seconds. 
Procedure E 
Stage 1 Meat, seasoning, nitrite and water chopped at a slow speed 
for 2 minutes . 
. stage 2 Farina added during 15 second· slow speed 
Stage 3 Fat added during 30 seconds slow speed. 
Stage 4 Fast speed chop for 2 minutes. 
Total chopping time 4 minutes 45 seconds. 
Procedure F 
Stage 1 
Stage 2 
Stage 3 
Stage 4 
Meat, nitrite and seasoning chopped at slow speed for 2 
minutes. 
Ice/water added during 30 seconds slow speed. 
Farina added during 30 sepvnds slmv speed. 
Fat added during 15 seconds slmv speed. 
Total chopping time - 5 minutes 15 seconds. 
Procedure G 
Stage 1 80% of the lean meat, nitrite and seasoning in bowl chopper 
with 30% of the water containing 10 ppm erythrosine slow 
chop 30 seconds while adding ·rest of the water. 
Stage 2 1 minute fast ｣ｨｾ ﾷ＠
Stage 3 30 seconds slow chop adding farina. 
Stage 4 30 seconds slmv chop while adding the fat • 
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Stage 5 Fast chop for 30 seconds. 
Stage 6 Add 20% of the meat and then a final 30 seconds fast chop. 
Total chopping time - 3 minutes 30 seconds. 
Procedure H 
Stage 1 80% of the lean ·meat, nitrite and seasoning chopped at a 
slow speed for 15 seconds. 
Stage 2 Ice/water added during 45 second chop at fast speed. 
Stage 3 Farina added during 30 seconds slow speed chop. 
Stage 4 80% of the fat added during 1 minute chop at fast speed. 
Stage 5 20% of the fat and 20% of the meat added and a final 1 
minute chop at slow speed given. 
Total chopping time - 3 minutes 30 seconds. 
Procedure I 
Stage 1 Meat, nitrite and seasoning chopped at a slow speed for 
30 seconds. 
Stage 2 Ice/water added during a chop of 1 minute at fast speed. 
Stage 3 Farina added during a 30 second chop at slow speed. 
Stage 4 Fat added during a 30 second chop at slmv speed. 
Stage 5 Final chop for 1 minute at fast speed. 
Total chopping time - 3 minutes 30 seconds. 
Procedure J 
Stage 1 Meat, nitrite, seasoning and water containing 10 ppm erythro-
sine chopped at slow speed for 30 seconds. 
' Stage 2 Fast speed chop for 30 seconds. 
Stage 3 Farina added during a slow speed chop of 30 ·seconds. 
Stage 4 Fat added during a 30 second slm-r speed chop. 
Stage 5 Final fast speed chop of 1 minute. 
Total chopping time - 3 minutes. 
The heat process \'Tas controlled so thn.t an Fo value of approximatel::( 1 
was obtained. This was ach.ieved by monitoring the tempera t.Ul'es of the 
can centres during processing, calculating the current Fo value and 
turning off the steam at the appropriate time to give the required 
final Fe value.. Thermocouples ,.,..ere placed into six cans at different 
positions throughout the retort o These ,.,ere linked to a Speedomax elec-
t ·ronic time temperature plotter, this gave the ｴ･ｭｰ･ｊＮｾ｡ｴｵｬﾷ･＠ of the can 
centres in terms of special units on type T ｰ｡ｰｅｾｲ＠ and conversion tables, 
prepared by the meat laboratory, '"ere used to obtain lethal rate valties. 
The Fo increment value was calculated by multiplying the leth .. :t1. rate 
against the chosen time interval, and the cumulative total gave the 
resultant Fo value for the process. (Table s.3)R The calculation can 
be summarised as :-
Fo = (lt1 x T) + (Lt2 x T) + (Lt3 x T) ｯｯｯｯｯｯｯｾ＠
= T x z Lt 
Fo 
'l'he method is shO\vn graphically in Figure 5.01. At any particular time, 
･ｾｧＮ＠ after 20 minutes the Fo value calculated is too large by an amount 
represented by areas a -1- b + ｣ｾ＠ After the maximum in the curve, e.g. at 
time ll:O minutes, the error is represented by areas (a + b + c + d) less 
areas (e + f + g). At time 50 minutes the error is minimal., 
- .0·050-
.. 
c 
.E 0·040-
(l,\ 
-<--' 
E 0·030 
a 
ｾ＠ 0·020-
-l 
0 
:;_--'----''----' 
15 20 25 30 35 40 45 
Time (1nin) 
Fig. 5.01. Ca/cu/ettion __ of Fa vctlue, lethal rate/ 
time curve. 
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TABLE 5.3 Calculation of Fo value for a Luncheon Meat Heat Process 
Using a 2t minute time interval 
Heat Process carried out on 26.11.74 
Time from the 
begining of the Recorder Fo Current 
retorting process Reading Lv increment Fo 
35.0 min 42.0 0.0 0.00 0.0 
37.5 min 45.0 0.001 0.00125 0.00125 
40.0 min 47.5 0.002 0.00375 0.00500 
42.5 min 50.0 0.003 0.00625" 0.01125 
45.0 min 52.0 0.005 0.01000 0 .. 02125 
47.5 min 53.8 0.008 0.01625 0.03750 
50.0 min 55.5 0.013 0.02625 0.06375 
52 .. 5 min 56.9 0.018 0.03875 0.10250 
55.0 min 58.0 0.024 0.05250 0.15500 
57.5 min 59.0 0.031 0.06875 0.22375 
60.0 min 60.0 0.041 0.09000 0.31375 
62.5 min 60.9 0.051 0.11500 0.42875 
65.0 min 61.5 0.060 0.13875 0. 56750 
67.5 min 62.0 0.068 0.16000 0.72750 
70.0 min 61.3 0.057 0.15625 0.88375 
72.5 min 56.0 0.015 0.09000 0.97375 
75.0 min 52 .. 5 0.006 0.02625 1.00000 
77.5 min 50.0 0.003 0.01250 1.01250 
80.0 min 47.0 0.001 0.00500 1.01750 
82.5 min 43.0 0.001 0.00250 1.02000 
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5.7.5 ｅｸｾｮｰｬ･ｳ＠ of Panel Assessment Questionnaires 
Personal Preference Evaluation 
Sample: Appearance. 
Hedonic Scale 
Figure 5.03 
Colour. Smell. 
Excellent 7 
Very Good 6 
Good 5 
Acceptable 4 
Fair 3 
Poor 2 
Unacceptable 1 
General Acceptability Assessment Form 
Taste. Texture. 
Form 1 
Aggregate 
Hark 
Form 2 
Please raclt the samples of luncheon meat according to preference, 
judging by their appearance only. 
Sample 
0 unpalatable 
1 dislike 
2 'just eatable' 
3 like 
4 like very much 
-
Ranking 
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Figure 5.04 Form 3 
Acceptability of 4 Characteristics Assessment Form 
Name: Date: 
Please score the following meat samples for Acceptability by 
judging their colour and appearance. 
0 = unacceptable 
1 = dislilte 
2 = just 'eatable 1 , satisfactory 
3 = lilte 
4 = very acceptable 
Sample Score 
Colour General Fat Particle Meat Particle 
Appearance Size Size 
ｾＭ
._...._ _____________ ___;_ ______________ _____ - --- -- ---
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Figure 5.05 Form 4 
Choice of Category Form 
Name: Date: 
Please score the luncheon mea·b samples according to their colour 
and visual appearance. 
ｈｩｧｨｬｾ＠ Acceptable ｈｩｧｨｬｾ＠
"' UIJ"'r>e ｳｩｲ｡｢ｊｾ＠Desirr,ble '-
1 2 3 4 5 
/ 7> 
' 
Colour 
···- ·-
Appearance 
Meat Particle 
Size 
Fat Particle 
Size I 
192 
Figure 5.06 
Four Category Preference Form 
Colour Meat Particle Size Fat Particle size !J2.-ee aranc e 
·r 
Too pinl{. 'Too large Too large Too Homo-
geneous 
Average 
1 Too little Too small Too small Too Hetro-pink geneous 
Figure 5.07 
Assessment of Colour and Appearance by the choice of 6 Categories 
Name: Date: 
Please assess the visual appearance of the following luncheon meats 
and tick in the appropriate.boxes. 
SamEle Colour A£Eearance 
Good Too pink Not pink Good Too Too much 
enough Homogeneous fat 
1 
2 
3 
4 
' 
5 --
6 
L--------------- -- ·-·. 
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Figure 5.09 Form 8 
T1vo Sample ｃｯｭｾｲｩｳｯｮ＠ Form 
Name: Date: 
Samples: 
Can you detect a significant difference in appearance bet"'veen the t·wo 
samples? 
Tick box 
ｾＮ＠
2. 
3.i. El 
'appearance due to 
degree of chop 1 
ｩｩｔｾｊ＠
colour 
Overall effect 
Difference in size of meat or fat particles. 
Connnents: 
Difference in colour. 
Comments: 
Tick if you have a preference for one sample, 
'iil ·the appropriate box. Do not tick if the 
samples are of equal preference. 
- ｾＹＵ＠ -
Figure 5.10 Form 9 
Name: Date: 
Sample: 
Do.you find the colour of. the sample 
1. D Acceptable 
2. 0 Unacceptable b.ecause the colour is too red and artificial looking. 
3_. ｻｾ＠ Unacceptable because the colour is too pale, dull or uninteresting. 
4. D Any other category or c onunen t. 
Do ·you find the appearru1ce of the sample acceptable as regards the 
size of fat and meat particles and the apparent 'meatiness' of the 
sample. 
Tick where appropriate. 
; 
--.. 
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.Ei.qure 5. 11 Fonn 11 
··Form used at City University. 
Four Characters Assessment Form ,.,i th Seven Point Scale 
Please assess the colour ｾｮ､＠ acceptability and also the general 
appearance acceptability of the following meats usi.ng the scale:-
1. ｔｯｴｾｬｬｹ＠ Unacceptable 
2. Undesirable - fairly unacceptable 
3· Slightly unacceptable 
4. Acceptable 
5· Quite acceptable 
6. Desirable 
7- Very desirable 
Sample Colour General Fat Particle Neat Particle l 
Appearance Size Size 
; 
----.... 
- 197 -
Figure 5.12 Form 12 and Form 1i 
Colour Assessment Forms 
Please give the luncheon meats colour scores for Pinkness and BrO\mness 
Form 12 
+5 very pink to 0 no ｰｩｲｵｾｮ･ｳｳ＠
+5 very brown to 0 no brownness 
Form 13 
+10 very pink to 0 no pinkness 
+ 5 very brown to 0 no brO\·lnness 
ｾＭＭＭＭＭＭｳ｟｡｟ｭ｟ｰ｟ｬｾ･ＭＭＭＭＭＭｾＭＭＭＭＭＭｐＭＱ｟Ｎ｟ｾｾＭｾ｟ｮ｟･｟ｳ｟ｳ＠ ____ ｾｬ＠ .. ______ B_r_o_,_vn_tness 
- 198 -
Tables 
6.1 List of Luncheon l>leat Samples used in Colour Defective Study 
6.2 Panel Assessment Results (Form 2) 
6.3 Matching ｍｩｾｴｾ＼･ｳ＠ Made by Colour Defectives 
6.4 Colour Measurements by Different Methods 
Figures 
6.1 C.I.E. x, y Plot of Sample Colours 
6 .. 2 Plot of Acceptability (Form 2) Against Gardner 'a' Values 
6 .. 3 Histograms sho\ting panel assessment results 
6.4 C.I.E. x, y Diagram Showing Protanopic Confusion Loci 
6.5 C.I.E. x, y Diagram Sho,ving Deuteranopic Confusion Loci 
/' 
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Results of ｓｾｴｵＮ､ｹ＠ on Col ｯｭｾ＠ Defectives 
TABLE 6.1 L1mcheon Heat SamE,_les Used "\vith Col01 .. rr Defectives 
(A - K used in 1-1atching experiment, and .A,C,E,H,I for 
panel assessment) 
--
ppm ppm Gardner Dominant 
Sample Eryth- nitrite 'a' value X y y Wave- Purity 
rosine length 
A 0 0 4.3 .351 .339 37.48 585 17 
B 0 10 8.4 .360 .333 37.81 592 18 
c 0 50 8.6 .362 .335 37.12 591 19 
D 0 100 9.8 .364 .336 36.50 591 20 
E 2.5 50 10.3 .368 .330 34.97 596 20 
F 0 150 10.4 .364 .336 36.50 591 20 
G 0 200 10.5 .366 .335 40.06 592 20 
H 10 0 11.7 .362 .336 34.86 591 19 
I 5 50 12.4 .362 .333 36.36 593 18 
J 10 50 12.8 .373 .332 32.63 596 21 
K 10 100 14.1 .367 .321 35.84 606 17 
ｾ＠
.. 
• • • • • • i: 
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y 
0·34 
xA 
XH X DJF 
xc XG 
xB X I 
0·33 xE 
ＰﾷＳＲＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭｾＭＭＭＭＭＭＭＭＭＭＭＭＭＭｾＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭ 0·35 0·36 0·37 0·38 
X 
Fig.6.1. Plot of x against y (C!EvaluesJ for samples used 
· in colour defective study. 
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TABLE 6.2 Panel Assessment Results Using Form 2 
Sample DA DA D PA PA p Average Colour Normal 
Panel 
Average 
A 2.0 1.0 0 1.0 2.0 1.0 1.0 1.3 
K 2.0 0 3.0 2.0 1.0 2.0 1.6 2.0 
I 2.0 1.0 2.0 3.0 2.0 3.0 2.0 2.0 
c 2.0 3.0 3.0 2.0 0 1.0 1.8 2.1 
E 2.0 3.0 4.0 2.0 3.0 2.0 2.6 2.5 
H 0 0 3.0 3.0 1.0 2.0 1.5 2.5 
PL 3.0 2.0 3.0 3.0 3.0 3.0 3.0 3.0 
Key DA ::::: Deu·beranoma1ous trichromat 
D ::::: Deuteranope 
PA = Protanoma1ous trichromat 
P ::::: Protanope 
PL = · Pltunrose 
. ' 
DK = Dak 
....__ _________________________________ -- --
.... .. ｾ＠
·' 
- 202 -
x Colour normal panel 
o Colour defective panel 
X 
0 
0 
0 
X 
0 
4 8 12 16 Gardner 'a' value 
Fig. 6. 2. Plot of acceptability against Gardner 
'a' value for results of colour defective 
and colour normal panels. 
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Type of Number of Incorrect Natches 
Colour 1st. 2nd 3rd 
Defect ａｴｴ･ｾｰｴ＠ At·tempt Attempt Average 
:DA 4 5 4 4) 
DA 4 4 4 4) ) 
DA 6 0 6 4) 
ｾ＠
r.:) DA 4 5 5 ｾｬｇｲｯｵｰ＠DA 6 4 4 
·)Average 
DA 2 0 0 1) 4 
DA 0 0 0 0) 
EDA 7 5 5 6) ) 
DA 9 4 4 5) 
D 5 6 2 4) 
D 6 6 6 ,) b) 
D 2 2 2 2) 3 
D 4 0 5 3) ) 
D 0 0 0 0) 
PA 4 4 4 4) 
PA 3 2 3 Ｓｾ＠
PA 3 4 5 4) 3 
PA 0 3 0 .. 1) ) 
P.A 4 6 0 3) 
p 2 "4 4 3) ) 
p 3 0 0 1) 1 
p 2 2 2 ) 2) 
p 0 0 0 0) 
vhere: DA is deuteronomoulous trichromates 
D is deuteranope 
PA is protanomalous trichromates 
P is protanope 
·-._ __ 
T;y·pe of Mis ·tiake 
major 
D/J. E/J 
B/J A/J C/E 
medium: B/1? B/E 
niinor: B/C B/D 
major: B/J E/K A/H 
B/H 
mediwn: C/F 
minor: B/C C/D 
major:B/J D/J 
medium: C/F 
minor: A/C D/F C/D 
B/C 
medium: D/G :o/F 
B/D 
y 
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Cl E Chromaticity co-ordinates 
Wavelength ( nm) 
560 
X 
Fig. 6.4. The lines drawn on the chromaticity diagram show 
protanopic confusion loci. 
0·7 
y 
-- -- ＭＭＭ ＭＭＭＭＭＭｾ＠
- ｾＰＷ＠ - · 
CIE Chromaticity co-ordinates 
Wavelength (nm) 
X 
Fig. 6.5. The lines drawn on the chromaticity ｾｩ｡ｧｲ｡ｭ＠
show deuteranopic confusion loci. 
L..-___ ..;...._ _ _________ _ _ ________ ___ ---
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TABLE 6.4: !1esuJ. ts of Di. fferent Neasurements of Colour for Sample§. 
Containing 100 ppm N!trite but no Colouring Matter 
Hethod Hesult 
ＴＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭｾＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭｾ＠
Visual 
Panel Assessment 
(Form 12) 
Munsell Chip 
Horticultural Chart 
Lovibond Tintometer 
Pinkness = 4: Brmmness ::; 1 
10 R 8/li: 
Hed 38 D 
Red : 3.2, Yellow = 1.0, Lightness = 80 
(x = e356 Y = .324) 
ｾＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭｾＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭ ﾷ ＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭ
Colorimeters 
Harrison Comparator 
Gardner 
Hunter 
Harrison Shirley 
ICI 
Paint R.A. Fibre Optics 
Spectrophotometers 
Unicam SP Boo 
Beckmann DBG 
Bausch and Lomb 505 
Data Colour 
X = 47 .5, 'i = lJ:0 .. 2, z = 33o0, X :: ·501 
y = .385 
L = 61.1!, a ::: 8.5, b = 9•1 (Table 9.1) 
.L = 58.0, a = 9 .. 5, b = 9e7 
X = 36.31, y = 31.69, z = 26.59 
X = 36.27, y = 33 .. 87, z = 30.It6 
X = 37.33, y ::: 32.10, z = 26 .. 43 
Spectrrun in Figure 10.1.15 
x = .364, y = .336, Y = 36.5 (Table 9 .. 1) 
X= .361, y = .329, Y = 40.1 
Printout of reflectance spectra, reflect-
ance readings at 10 nm intervals and 
C.I.E. results for 3 illuminants. 
Illuminant C : X = 38.88, Y = 35.117 
X = •376, Y = •343 
ｾＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭｲＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭﾷＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＱ＠
Hunter Colorimet.er 
\'lith Serck Computer 
Hunter Colorimeter 
with Wang Calculator 
L = ＵＸＮＷｾ＠ a = 9.8, b ｾ＠ 9.8 
Difference to a standard sample ＨｦＧｬｌ｜ｍｶＭｾＺＮｾＩ＠
DL = 0.4: (Lighter), DA == -7.4: (Greater), 
DB= -2.3 (Bluer), (Total) DE= 9.8 . 
L = 58.8, a = 9.5, b·= 10.2, X= 37.02! 
Y = 34.57, Z = 30.70. Difference to 
Standard. Lighter DL = 1.0, 
Yellower DB = .5, Total DE = 1.1 
(No redness difference) 
. ..____ .. 
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Appendix to Chapter Z 
Tables 
Colour Heasurement Data for Commercial Luncheon ｾ ﾷ ｬ･｡ｴｳ＠
Panel Assessment Hesults (Form 2) 
Comparison of Acceptability Results (Fonn 2) 'dth Gardner 'a' Values . 
Comparison of Colour Assessments of Pinkness (li'orm 13) ,.,i th 
Gardner 'a' Values. 
Average Panel Assessment Results (Form 7) 
Meat and Fat Particle Characteristics 
Comparison of Commercial Samples \d th Pltunrose 
Nitrite and Nitrate Analysis Results 
Labelling Details of Commercial Samples 
Figures 
7.01 c. I.E. x, y Diagram sho,.,ing Range of Commercial Sample Colours 
7.02 Enlarged C.I.E. x,y Diagram of Sample Colours 
7.03 to 7.09 Reflectance Spectra of Commercial Samples 
7.10 Average Acceptability Results (Form 2) 
7.11 
7.12 
7·13 
7.14: 
7·15 
7.16 
7-17 
7.-18 
7.19 
7.20 
Selected Acceptability Results (Form 2) 
Average Colour Assessment Results for Brmmness (l"orm 13) 
Average Colour Assessment Results for Pinkness (I"orm 13) 
Plot of Acceptability (Form 2) Against Gardner 1 a' Value 
Plot of Pinkness Score (Fonu 13) Against Gardner 'a' Value 
Panel Assessment Results (Form 4) 
Panel Assessment Results (Form 5) 
Assessments of Heat Particle Size (Form 7) 
Assessments of Fat Particle Size {Form 7) 
Assessment of Meat and Fat Particle Size (Form 7) 
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C!E Chromaticity co-ordinates 
I .I 
0·3 
Wavelength ( nm) 
560 
0·4 
X 
Fig. 7.01. Range of colours of commercial luncheon meat. 
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Fig. 7. 03. Reflectance spectra of ｣ｯｭｲｲｈｾｲﾷ｣ｩ｡ｬ＠
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TABLE 7.2 Results of Panel Assessments of Luncheon Heat 
Acceptability Ｈｆｯｲｮｾ＠ 2) when ｳ｡ｭｾ＠ w·ere view·ed 
on several occasions 
-
Sample Average Results of Panel * Average Result 
of all the Vie1vings 
A Co-op 1.6, 2.4, 2 .4, 2.7 2.3 
--
B Fine Fare Danish 3.0, 2.8 2.9 
c . Fine Fare Dutch 2.0, 2.5, 3.1 2.5 
D Linthorst 2.0, 2.0 2.0 
E Lyric 2.0, 1.0, 1.5 1.5 
F Phnnrose 2. 7, 3.0, 2J, 3.2 3.0 
G Sainsbury 1.0, 2.0, 2.1, 2.5 1.9 
H Spam 1.8, 2.0 1.9 
I Tesco 2.1, 2e0 2.1 
. 
J Unox 2.1, 2.5 2.3 
IC 'valls 2.3, 2.4, 2.6, 3.0 2.6 
L Ye Olde ｏ｡ｬｾ＠ 2.5, 2.5 2.5 
* Each result given is the panel average for ·bhat particular 
vie\ving session. 
Scores underlined refer to particular vie,dng sessions ,.,rhen 
the same samples \vere also rated ｦｯｾ＠ pinkness and brmvnness 
using Form 13. (Figures 7.11, 7.12 and 7.13) 
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Fig. Z 12. Average res·u/ts of panel colour assess-
ments of brownness using Form 13. 
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Fig. 7. 13. Average results _ of panel colour assess-
ments of pinkness using Form 13. 
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TABLE 7.3 Comparison of Acceptability Results using Form 2 ｭｾ､＠
Gardner 'a' values 
Sample Gardner :B'orm 2 
'a' value .Acceptability 
Celebrity 9.5 1.8 
Co-op 10.9 2.3 
IRk 6.7 1.0 
Dana 8.3 1.5 
funoxa 12.2 2.0 
De,d'resh 11.2 1.0 
Donald Cook 11.5 1.0 
ｾ＠
Fine Fa.re Dutch 13.8 2.5 
Fine Fare Danish 10.7 2.9 
Fray Benbos 12.5 v 2.0 
Hafnia 10.5 2.5 
Linthorst 13.2 2.0 
Lyric 13.7 1.5 
St. Michael Chopped Ham 
& Pork 11.1 2.5 
St. Nichael Chopped Pork 10.8 2.5 
Midland 13.0 1.5 
Plumrose 10.7 3.0 
Sainsbury 9.3 1.9 
Spam 7.9 1.9 
Tesco 13.0 2.1 
Tudor Queen 13.5 2.1 
Unox 10 .. 4 2.3 
. 
Walls 10.3 2.6 
Ye Olde Oak 11.0 2.5 
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T.ABLE 7 .. 4. Comparison of Colour .Assessment of Pinlm.ess on Form 13 
to Gardner 'a' values 
Sample Gardner Pinlmess Score 
1 a 1 value Form 13 
Co-op 10.9 4.0 
Linthorst 13.2 6.0 
Plumrose 10.7 5.0 
SainsbUl"Y 9.3 4.0 
Spam 7-.9 3.0 
Tesco 13.0 3.5 
Unox 10.4 4.0 
Walls 10.3 5.0 
Ye Olde Oak ll.O 5.5 
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Note: Figures refer to 0/a of panel which chose the category 
Just right 50 Fine Fare Sporn 
Celebrity 
Dev.Jfresh 
Too many 
100 
50- Wo.lls 
{
Celebrity 
r.: Coop 10 Dewfresh 
o Unox 
Too largit_ 
100 
Unox 
Walls 
Spam 
Some large particles 
over 10 mm in group 
100 
Uneven 
distribution 
Average size 3·5 mm 
and ｾＳＰ＠ per slice 
I • I 
0 
100 
Too few 
Unox 
Coop 
Midland 
Dewfresh 
Fine Fare 
Walls 
Celebrity 
Tudor Queen 
0 
15 [Ye Olde Oak · Plum rose 
100 
Fine Fare 
Celebrity 
1id land 
Coop 
JudorQueen 
Dew fresh 
Too small 
Average size and distribution of. this 
group 2 mm and 20 .particles per slice 
Fig. Z 18. Assessment of .meat particle size for commercial 
luncheon meats using Form 7. 
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Note: Figures refer to 0/o of panel \Vhich chose the category 
Too many_ 
100 
Unox 33 Spam 
Walls 
Donald Cook 
Fine Fore 
0 Plumrose Ye OldeOak 
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66 LPlumrose Coop 
50 {Dewfresh Fine Fare 
33 Midland 
{Donald Cook 15 Tudor Queen 
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0 Walts Spam 
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UCelebritY. 
Devvfresh 
Plum rose 
33 Coop Ye OldeOak 
Mid land 
Walls 
Tudor Queen 
100 
Too few 
66 Ye Qlde Oak Spam 
Donald Cook 
Fine Fare 
Plumrose 
Dew fresh 
100 
Uneven 
distribution 
Plum rose 
15 ｄ･ｾｶｦｲ･ｳｨ＠Donald Cook 
0 Walls 
100 
15 Celebri!{ Midlan 
33 -Coop 
100 
Too small 
Fig. 7. 19. Assessment of tat particle size for commercial 
luncheon meats using Forrn Z 
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100 
0/o Panel who 
considered 
tho t the meat 
particles were 
just right 
50 
0 
100 
0/o Panel who 
considered 
that the fat 
particles were 
just right 
50 
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85°/o 
50°/o 50 °/o 
33°/o 
0 
A B c D E F 
.Sample 
r-
85°/o 
66°/o 66°/o 
50°/o 
-
15°/o 15°/o 
I 
A 8 c D E F 
Sample 
A= Coop D = Plumrose 
8 = Dewhurst E = Donald 
C = Celebrity F =Sporn 
66°/o 
33 °/o 
G H 
33°/o 
15°/o 
1 
G H 
15 °/o 
I Plumrose {2) 
15 °/o 
I 
I 
G =Tudor Queen 
H = Midland 
I = Unox 
. Fig. 7. 20. Results of panel assessn1ents of commercial 
luncheon meaf"s for appearance and acceptability 
using Form 7. 
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TABLE 7. 7 A Comparison of Commercial Ltu1cheon :Heats '\vi th Plumrose as 
Standard 
Larger Smaller Larger Smaller Specific 
Sample Fat Fat Heat Meat Pinl\:er Very Differences 
Parti- Parti- Parti- Parti- Similar in Appearance 
cles cles cles cles 
Celebrity j J 
Co-op J J More orange-pink 
Dak J Very pale 
Dana v 
Danoxa J J J A few· large fat 
particles 
Dewfresh J 
Donald Cook J j .; 
Fine Fare I 
(Dut.ch) J 
Fine Fare II 
(Danish) v' 
Fray Bentos J J 
Hafnia v' v' More ba.ckground 
than particles 
Linthorst J 
Lyric .j J ..; 
St. Michael 
Chopped Ham 
& Pork J v' 
St. Michael 
Cured Pork J J v' 
Midland J J 
.. 
Sainsbury I J A few· large meat 
,... particles on a 
homogeneous back 
ground.More back 
ground than par-
ticles 
Spam v I 
Tesco J v' · 
I 
Tudor Queen I I 
Unox I Meat pieces very 
dark brown. 
\ More background 
than particles 
\Valls v' More orange-pinl\: 
in colour 
Ye Olde Oak J ﾷＭｶｾ＠
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TABLE Z.!.§ 
Results of nitrite and ni tra.te analysis of certain commercial samples 
.. 
' 
Sample 
Fine Fare (Danish) 
Narks & Spencer Cured Pork 
Narks & Spencer Chopped 
Ham & Pork 
Plumrose pork luncheon 
meat 
Tesco luncheon meat 
\valls luncheon meat 
-
Nitrite Nitrate 
Declared Found Found 
ppm ppm 
Sodium nitrite 5 25 
Sodiwn nitrite 2 12 
Sodium nitrite 6 20 
Sodium nitrite 1 20 
Potassium nitrate 9 26 
Sodium nitrite 4 80 
.. 
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Appendix to ｃｨ｡ｾ･ｲ＠ 8 
Tables 
8.1 Colour Measurement Results 
8.2 Panel Assessment Results (Form 6) 
8.3 Panel Assessment Results (Form 7) 
8.4 Swnmary of Chopping Procedures 
ｆｩＮＮｦｦｩＡｾ＠
8.1 Panel Assessment Results (Form 6) 
8 .. 2 Panel Assessment Results (Fonn 7) 
8.3 Panel Assessment Results of Fat Particle Appearance (Form 7) 
8.4 Panel Assessment Results of ｾｴ･｡ｴ＠ Particle Appearance (Fonn 7) 
--... 
TABI,E 8.1 
Factor 1 Variation in Chopping Procedure 
Colour Measurement Data 
I San1:2le 
1 Procedure 
2 11 
3 11 
4 II 
5 II 
6 II 
7 II 
8 II 
9 II 
10 II 
T.ABLE 8.2 
Variable 1 
Sample 
Procedure A 
II B 
II c 
II D 
II, E 
II F 
II G 
II H 
II I 
II J 
(Beckman 
lominant 
Gardl1er 
Results) Results 
X y y "A Purity Ll a b 
A .362 .341 34.72 588 20 66.0 8.4 8.2 
B .357 .345 38.76 584 20 70.8 8.2 9.4 
c .366 .347 35.62 586 23 58.8 8.5 7.4 
D .365 .347 36.98 586 23 61.4 7.9 7.5 
E .372 .347 32.05 587 25 59.6 9.1 7.2 
F .361 .347 40.46 584 22 62.7 8.1 8·.4 
G .372 .322 32.63 606 19 60.0 9.2 8.0 
H .366 .333 33.24 594 20 60.9 8.6 7.3 
I .367 .334 34.26 594 20 55.6 8.5 7.4 
J .368 .320 33.60 608 17 62.7 9.3 8.4 
Results of Panel Assessments using Form 6 and Illustrating 
the Acceptability of the samples made w·i th variable cl.10p-ping 
procedures 
Form 6 Results 
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Fig. 8.1. Results of panel assessments using Form 6 for 
luncheon meats made by different procedures. 
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Fig. 8.3 . . '. Results of panel assessments of fat particle size 
for luncheon meats using Form 7. 
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Appendix to Chapter 9 
Colour Measurement Results 
Panel Assessment Results 
Plots of y against x (C.I.E. values) 
Plot of y/x against ppm nitrite 
Plot of Gardner 1 a 1 values against ppm nitrite 
Spectral Reflectance Curves 
Panel assessment results of Form 6 for samples 
containing nitrite 
Panel assessment results of Form 3 for samples 
containing nitrite and ascorbate 
Calculation of regression equation bebofeen level 
of nitrite and Gardner 'a' values 
... ___ ,.: 
.. 
l 
I 
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TABLE 9.1 Colour 1-feasurement Results 
Set Initial Residual Beckma1m, Domi- Gardner Colori-
.91 Nitrite Nitrite C.I.E. Results nant meter Results 
ppm ppm X I y 
y W'ave- Purity L a b 
length 
A 2.5 . .0.3 .344 36.28 585 20 55.9 .357 4.1 11.0 
B 5.0 0.3 .354 .332 38.68 592 16 61.3 6.9 11.4 
c 10.0 0.3 .360 .333 37.81 592 18 66.4 8.4 10.3 
D 15.0 0.5 .363 .333 34.13 593 19 66.5 8.5 10.0 
E 20.0 0.3 .361 .335 37.12 591 18 65.4 9.1 10.2 
F 25.0 0.7 .360 .333 37.15 592 18 56.4 8.2 8.7 
G 50.0 0.8 .362 .335 37.78 592 19 62.5 8.6 9.3 
H 100.0 1.7 .364 .336 36.50 592 20 61.4 8.5 9.1 
I 150.0 1.5 .358 .335 4-0.06 590 18 60.5 8.4 8.6 
J 200.0 2.3 .366 .333 33.24 594 20 60.9 8.6 7.3 
K 250.0 7.6 .363 .336 37.18 591 20 63.7 7.4 8.0 
L 300.0 17.4 .362 .337 37.60 590 20 66.8 7.5 11.6 
M 350.0 22.3 .362 .341 37.21 588 20 67.0 6.8 11.1 
"" N 400.0 35.6 .360 .339 39.42 588 20 67.4 6.8 11.7 
I 
TABLE 9.2 Colour ·Measurement Data for san1Eles containing VaEYing 
Levels of Ascorbate and Nitrite 
Samples ppm ppm Domi-
Set 9II as cor- nitrite X y y nant Purity L a b 
bate added 1vave-· 
added ｬ･ｮ＿ｾ＠
A 200 10 .368 .345 34.03 587 24 64.4- 8.2 10.3 
B 200 25 .369 .347 34.19 587 . 24 62.8 7.9 9.2 
c 200 50 .369 .348 34.20 586 24 64.4 7.8 '9.4 
D 
-
50 .367 .346 35.46 587 23 64.8 7. 5 9.6 
: 
iE 100 50 .370 .348 33.06 586 24 64.2 7.1 9.0 
F 150 50 _. __ 369 .347 33.55 587 24 64.7 7.3 9.9 
,_ -· 
I 
I 
I 
I 
i 
y 
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AU colours lie within the area 
of commercial ｳｾｭｰｬ･＠ colours. 
xA 
xN 
xC 
F 
xM 
xl 
xD 
0·330 ｌＭＭＭＭＭＧＭＭＭＭＭＭＭｬＮＮＭＭＭＮＮＱＮＮＭＭＭＭＭＭｌＭＭＭＭｉｌＭＭｾ＠
0·354 0·356 0·358 0·360 0·362 0·361. 0·366 
X 
Fig. 9.0.1. Plot of y against x ( CIE values} for 
sarnples containing various levels 
of nitrite. 
• I 
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I 
1... •• 
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Fig.9.2.0. Panel assessment results from For1n 6 on luncheon 
meats containing various arnounts of nitrite. 
Graphs were plotted of% panel against category 
selected. 
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nitrite (ppm) nrul Gardner 'a' values. 
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10.0._1, 10.-o. 2, 10. O. 3, 10 .Oo l.1:, 10. 0. 5 Colour Measurement Results. 
10.1.1 
10 • .3.1 
Figur-es 
Panel Assessment results for samples containing artificial 
colouring matters 10 I. 
Panel assessment results for samples c.ontai ning erythrosine 
and nitrite 10 II. 
Panel assessment results for samples containing various 
levels of erythrosine 10 III. 
Panel assessment results for samples containing various 
leveis of erythrosine III. 
Panel assessment results for samples containing nitrite and 
erythrosine Set 10 IV. 
Panel assessment results for samples containing alternative 
colouring matters Sets 10 V and 10 VI. 
10.0.1 to 10.0.5 
10.1.o1 to 1.1,19 
C.I.E. x. y. diagrams. 
Spectral reflectance curves. 
10.2.0 
10.2.1 
10.2.2 
10.2.3 
ＱＰＮＲＮｾ＠
Example of analysis of variance for acceptability results from 
Form 2 for samples containing artificial colourings. 
Plot of Gardner 1 a' aga·inst ppm erythrosine for samples 
containing various levels of erythrosine. 
Plot of ppm erythrosine against ppm nitrite shm·dng range of 
ｳ｡ｾｰｬ･ｳ＠ evaluated. 
Calculation of linear regression equation between ppm 
erythrosine and Gardner 'a' values for samples containing 
various levels of erythrosine. 
.. 
Calculation of 1 inear regress ion equation bet,.,reen acceptability 
scores from Form 2 and Gardner 'a' values for samples 
containing ｡ｲｾｩｦｩ｣ｩ｡ｬ＠ colourings. 
I 
10.2.5· Calculation of linear regression equation between acceptability 
scores from Form 10 and Gardner 'a' ｶｾｬｵ･ｳ＠ for samples 
10.2.6 
containing various levels of erythrosine. 
Calculation of linear regression equation between acceptability 
scores from Form 2 and Gardner 'a' value for.samples 
containing various levels of erythrosine. 
Calculation of linear regression equation between acceptability 
scores from Form 10 and level of Erythtcsine 
--· 
' 10.:;.1 
. I 
Plot of acceptability scores against Gardner 1 a 1 values for 
samples containing ｶ｡ｲｩｯｴｾ＠ artificial colourings. 
10.3.2 Plot of acceptability against pinkness (Fonn 13) for samples 
containing various artificial colourings. 
10.3.3· Plot ｯｾ＠ Gardner 'a' against pinkness for Set 10 II. 
10.4.1 Plot of acceptability against pinkness for Set 10 II. 
10.4.2 Plot of pinkness agaTnst bro\mess from Fonn 12 Set 10 II. 
10.4.:; Plot of Form 2 scores for acceptability against Gardner 'a' 
for Set 10 II. 
ＱＰＮｾＮＴ＠ Plot of pinkness against Gardner •a' value for Set 10 II. 
10.5.1 Histogram of acceptability against ppm erythrosine for Set 10 III. 
10.-5.2 and 10.5.3 Histograms of % panel against categories of Fonn 6 
for Set 10 .III. 
·--10.5.4 -Plot ---of--acceptability scores .Fonn .2 against acceptability scores 
of Form 10 for Set 10 III. 
. . 
I 
10.5.5 Plot of acceptability score from Form 10 against ppm erythrosine 
:for Set 10 III. 
10.5.6 Plot o:f acceptability score for Form 2 against ppm erythrosine 
---'for ·Set 10 III. 
10.5.7 Plot of acceptability score for Form 10 against Gardner 'a' 
value for Set 10 III. 
1q.6.1 Plot of acceptability scores Form 2 against Gardner 1 a 1 values 
'£or Set 10 IV. 
ｾＧ＠
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10.7'.1 
·· ··colours for Set 10 IV. 
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TABLE 10.0.1 Colour Measurement Data for Luncheon Meats w·ith 
Different Colouring Hatters 
Beckman Gardner 
Sample Nitrite Colouring SJ2ectro]2hoto- !Domi- Colorimeter Result 
added Matter meter Results 1ant Purity L a b 
ppm X y y vaYe-
ｬｬ･Ｑｾｴ｟ｨ＠
10! A. 100 . - .362 .341 34.72 588 20 66.0 8.4 10.2 
B 
- -
.352 ｾＳＴＸ＠ 39.17 586 17 63.4 4.5 10.9 
c 
-
lOOppm .359 .346 32.92 585 21 65.3 7.0 15.4 
Allura 
Red 
D 100 lOOppm .385 .321 26. 7f: 609 21 61.7 14.1 14.8 
A11ura 
Red 
E 
-
lOOppm .363 .345 32.9-4 586 22 64.9 6.6 18.1 
Red 2G 
F 100 lOOppm .388 .323 29.4E 606 23 62.4 12.6 14.3 
Red 2G 
G 
-
100ppm .389 .303 26.00 700 20 55.2 29.1 11.2 
Erythro-
sine 
H 100 100ppm .391 .299 25.75 700 26 53.6 32.5 9.7 
Erythro-
sine 
, 
: T.ABLE 10.0.2 
.. 
I 
Sample Nitrite Erythro- Domi-
ppm sine X y y nant Purity L a b 
ppm ｾｲ｡ｶ･Ｍ
length 
10IIA 
- - .351 .339 37 ＮＸｾ＠ 586 17 62.4 4.3 10.4 
B 100 
-· 
.357 .345 38.7€ 586 20 6s.8 8.4 lo.2 
c 
-
10 .362 .336 34.8E 591 19 68.8 11 .. 7 9.5 
D 100 10 .371 .328 33.63 599 20 67.3 14.5 8.1 
ｾ＠
.. - 270: ... 
TABLE 10.0. 3. Variation in Ervthrosine Level 
Sample level Domi-
erythro- X y y nant Purity L a b 
sine 1-1ave-
ppm. length 
10 III , 
A 0.5 .364 .357 32.44 582 25 67.7 4. 5 11.3 
B 1.0 .362 .354 34.85 582 24 66.1 5.6 10.8 
c 2.0 .364 .359 31.95 581 26 63.8 6.2 10.8 
D 3.0 .362 .356 35.04 581 25 68.1 6.3 10.6 
E 4.0 .367 .356 31.80 583 26 66.8 7.0 10.0 
F 5.0 .365 .353 33.24 583 25 64.0 7.8 10.4 
G 6.0 .364 .347 33.98 585 23 65.8 9.0 ·9.4 
H 7.0 .366 .345 31.47 587 22 64.1 9.6 8.9 
F 8.0 .368 .343 35.93 588 23 63'.7 10.4 9.2 
J 9.0 .369 .342 35.51 589 23 63.3 10.6 8.5 
K 10.0 .367 .346 33.97 587 23 64.8 11.5 9.6 
L 15.0 .376 .339 29.09 592 24 64.8 12.5 8.1 
N 20.0 .369 .320 35.35 609 17 ｾ＠ 63.4 13.5 8.5 
N 100.0 .389 .303 26.00 700 20 55.2 2 9.1 11.2 
.. 
ｾ＠
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TABLE 10.0.4 Variation in Nitrite and Erythrosine Levels 
Colour :Heasurement Results 
Level Level Domi-
Sample of of nant 
Eryth- Nitrite X y y w·ave- Purity L 
rosine length 
10 IV 
.A 2 .. 5 2.5 .359 .328 38.68 596 16 63.1 
B 5.0 2.5 .355 .• 329 30.90 592 16 59.3 
c 2.5 5.0 .356 .332 31.79 592 17 61.5 
D 5.0 s.o .359 .327 35.69 598 16 60.5 
E 2.5 50 .368 .330 34. 9r{ 596 20 65.3 
F 5.0 25 .365 .324 34.38 602 18 63.5 
.. 
G 5.0 50 .362 .323 36.36 602 16 63.7 
.,. 
H 10.0 50 .373 .322 32.63 606 18 60.5 
I 10.0 100 .367 .321 35.84 606 17 58.0 
J 20.0 100 .374 .311 33.67 608 16 62.6 
.... 
· K 100.0 100 .391 .299 25.75 700 26 53.6 
l__ _______________________ ____ -·. 
a b 
6.1 11.6 
7.7 9.8 
9.0 10.6 
11.0 9.8 
10.3 9.1 
11.9 7.6 
12.5 7.9 
13.4 7. 5 
14.5 6.1 
20.2 5.2 
32.5 9.7 
.. 
' 
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TABLE 10.0.5 Alternative Colouring Matters 
Colour Measurement Results 
Nit- Colouring Domi-
Sample rite matter X y y n.ant 
ppm wave-
length 
10 v 
A 
-
15 ppm .358 .351 32.86 582 
Eryth."t'o-
sine lake 
B 50ppm 15ppm .363 .339 36·.44 589 
Erythro-
sine lake 
10 VI 
A 
-
lOOppm .372 .351 32.49 585 
Red iron 
oxide 
B 
-
10ppm .360 .355 38.21 581 
Carmine 
c 50ppm lOOppm .382 .338 30.30 593 
Red iron 
oxide 
D 50 ppm lOppm .356 .339 32.30 587 
Carmine 
E 50ppm 
-
.366 .342 34.55 588 
P.u.ri ty L a b 
22 54.5 4.5 10.7 
20 57.1 10.1 8.0 
26 57.4 8.0 11.6 
24 57.9 q.3 11.2 
18 58.9 9.4 8.9 
20 57.1 10.1 8.0 
ｾ＠
22 60.5 8.4 8.9 
y 
. . 0·35 
•• 
0·31 
.. 
I 
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Gx 
Hx 
Deep 
pink 
Fig.10. 0.1. Cl E x,y diagram showing colours 
of luncheon meats containing 
various ar:tificial colo·uring matters. 
·---.... 
- 274 -
y 
0·31 
0·35 0·36 0·37 0·38 0·40 X 
Fig.10.0.2. CIE x,y diagram for samples 
containing nitrite and erytt'irosinel 
separately, together and not at all. 
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y 
Little pi ni< 
ｾ＠
0·37 
0·36 
0·34. 
0·33 
0·31 
Very pink 
100 ppm 
ＰﾷＳＰｾＭＭＭＭｾｦｴＭＭＭＭｾＭＭＭＭＭＭｾＭＭＭＭｾＭＭＭＭＭＭｾＭＭＭＭＭＭﾷｾＭＭＭＭＭＭＭＭＭ
ＰﾷＳ｛ｾ＠ 0·35 0·36 0·37 0·38 0·39 0·40 X 
Fig.10.0.3. CIE x,y diagrarn showing col-ours otluncheon · 
· meats with vctrying levels of erythrosine . 
.. 
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y 
0·35-
0·34 
0·33-
Deep pink 
0·36 0·37 0·38 0·39 0·40 ' .. X 
Fig.10.0.4. CIE x,y diagram showing colours 
of luncheon meats containing 
various levels of nitrite and erythrosine. 
.. 
I 
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y Set10:2: AJB = aJb 
Set 10ID. A1 B1C,D = ａＬｾＬｃＬｄ＠
XA X 
Fig. 10. D. 5. CIE x,y diagram showing luncheon 
meat colours as given in Table 10.3. 
for samples containing alternative 
colouring matters. 
-----
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Sample containing: .. 
. 
--- 100 ppm sodium nitrite 
---- 100 ppm allura red 
········· 100ppm altura red 
+ 100 ppm sod i urn nitrite 
-·- · No nitrite or colouring matters 
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wavelength (nm} 
Fig. 10.1. 01. Reflectance __ spectra for luncheon meat 
samples containing various colouring matters. 
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Samples containing:-
--- 100 ppm red 2G 
---- 100 PP.m red 2G + 100 ppm nitrite 
_,. ........... ..._-
- ·- · 100 pprn erythrosine 
··· · · · · · 100 ppm erythrosine 
-c- 100 ppm nitrite 
/ 
/ . .. ··. 
I 
,-..,. .·· 
/ . 
I 
I : 
I .: 
I .-·. 
I .-· 
I : 
I .: . 
,... / 
ｾ＠ .. ·/. -· 
/(' 
/J:' 
70 
60 
50 
1: 40 ｾ＠
.. 
I 
tr 
:1 
.. , 
. Ｍｾ＠
/.:i i:'l 
./ 
l: 
.·. ;"" ........ \ ,,. : 
:i ｾＭＮＮＮＮＮ＠ I : 
1 ｾ＠ . •\ .._ - -..._. I · :' 
#\ '--- l-' 
.,_ l:" 20 
_.,.,.. 
ｾＭ f ＭｾＮ＠ : 
:.. I 
ｾﾷ＠
10 
ＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭｾＰ＠ 400 500 600 
Wavelength ( nm} 
700 740 
Fig. 10.1. 02. Reflectance spectra for luncheon meat 
san1ples containing various colouring n1atters. 
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No nitrite 
------ 09 erythrosine Characteristic of 'cured' n1ea t 
ni trosohaen1ochromagen ____ 100 ppm nitrite 
no erythrosine 
' ---- 70 
_. __ . 10 ppm erythrosine 
no nitrite 
........•• 10 ppm erythrosine 
100 ppm nitrite 
·I 
.. , 
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. I 
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. ,. 
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ｾｾﾷ＠ ... \ .1" ｉｾ＠ ••••·· •• •••.• •••• .\ :l 
I/.·· • 
'.{ \ ·, .. :; ｾ＠, .. , . . 
. ·· ... ﾷﾷｾ＠l· • '\ 
.. /' \ 
1 Charactistic absorption 
peal<s of erythrosine 
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Wavelength (nm) 
Fig.10.1.03. Reflectance spectra of luncheon meats 
' with and without erythrosine and nitrite. 
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Sample· A containing 0·5 ppm erythrosine 
---- " B " 1·0 " II 
u c 
" 
2·0 .. II 70 
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'vVa v e l en g t h ( n m ) 
Fig.10.1.04. Reflectance spectra of luncheon meat 
sarnples ·containin,g various levels of 
erythrosine. 
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--- Sample D containing 3·0 ppm erythrosine 
---- .. E , 4·0 ., " 
" 
F .. 5·0 , 
_ _, 
/ 
/ .···· 
/ .· I.·. 
I.: 
1.: , .. 
1:' 
1.: 
t: 
1:' 
/: 
. ' /.•' 
• f.' 
· .. ' , ... 
· .. ' /: 
'. -....... .. 
•. . 
.... 
" 
70 
60 
50 
40 ｾ＠
c 
cJ 
..... 
u 
ｾ＠
'+-
ｾ＠
£t: 
ＳＰｾ＠ 0 
20 
10 
ＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭｾＰ＠ 430 500 600 
Wavelength ( nm) 
700 
Fig.10.1. 05. Reflectance spectra of luncheon meat 
samples .containing various levels of 
erythrosine. 
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--- Sample G containing 6·0 ppm erythrosine 
........... - - ,, r; ,, 7 · o •. •. 
500 600 
Wavelength .( nm) 
700 
Fig.10.1. 06. Reflectance spectra of luncheon meat 
samples containing various levels of 
erythrosine. 
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Fig.10.1. OZ Retlectqnce spectra ot l unclJeon meat' 
samples containing various levels of 
erythro?ine. 
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Fig.10.1.08. Reflectance spectra of luncheon meat 
samples containing various levels of 
erythrosine and nitrite. 
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Fig.10.1.09. Reflectance spectra of luncheon meett 
samp! es conaining various levels of 
erythrosine ·and nitrite. 
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Fig.10.1. 11. Reflectance spectra of' luncheon tneat 
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FIG. 10.2.0 Average Results of Panel Assessments of Acceptability of 
Samples Containing Artificial Colourin_g Hatters (Form 2) 
Sample 
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B 
c 
D 
E 
F 
G 
H 
Plumrose 
Analysis of Variance 
K = 9 r = 10 G = 120.5 
AcceptabilitY.. 
Score (0-4) 
2.1 
1.3 
0.7 
1.55 
1.1 
1.8 
0 
0 ' 
3.5 
1/r = E s2 . = 1/10(212+132+72+ 15.52+112+182+352 ) = 256.928 
1/Kr G2 = 1/90 x 14526.25 = .J.61.3361 
2 
b X 
Source of Variation 
Between Samples 
'fi thin Samples 
Total 
't 
Sum of 
Squares 
95.5889 
53.325 
148.9139 
= (53+23+9+3lt+21+46+127) 
= 310.25 
! 
ｾ･ｧｲ･｡ｳ＠ of Mean Variance 
freedom Sg.uare Ratio 
8 11.9486 18.,1506 
81 0.6583 
85 
Variance ratio is highly significant. 
Tuk ey' s Test ｾ＠ = 81 9 means 0 r=lO ｾｦ＠ = 4.55 0.6583 
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o Levets of nitrite, refer to Table 9.1. 
x Levels o·f erythrosine, refer to Table 10.0.3. 
o Corobint1tion of nitrite and ･ｲｹｴｾｲｯｳｩｮ･ｊ＠
refer to Table 10.0.4. 
0 
0 
-0-----
100 
Fig. 10.2. 2. Combinations of nitrite and 
erythrosine evctluated. 
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TABLE 10.3.1 Panel Assessment Results. For Samples Containing 
Various Levels of Erythrosine. 
ppm Form Form Colour Reason for accept-
Code Erythrosine 2 10 description ability Score 
10 III I) 
A 0.5 0 0 Pale grey Too pale 
orange 
B 1.0 0 0 Pale grey Too pale 
orange 
c 2.0 0.5 0.5 Pale yellow- Not pink enough 
ish pink 
D 3.0 0 0.5 Pale yellow- Not pink enough 
ish pink 
· E 4.0 0.5 0.5 Very pale Not pink enough 
pink 
F 5.0 0 1.0 Very pale Not pink enough 
pink 
G 6.0 1.0 1.0 Very pala Normal pinlt 
pink 
H 7.0 0.8 1.5 Pink Normal pinlt 
I 8.0 1.8 2.5 Pink Normal pinl\. 
J 9.0 1.8 2.0 Pink Normal pink 
K 10.0 2.5 2.5 Pink Normal pink 
L 15.0 1.5 1.5 Moderate Too pink 
... pink 
M 20.0 1.0 1.0 Bright Too pink 
pink 
; 
N 100.0 0 0 Vivid Too pink 
pink 
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TABLE 10.3.2 Panel Assessment Hesults for Samples ContnininQ 
Various Levels of Erythr.Q_sine Using Form 6 
-
ppm Not Pink Too Too Huch 
Erythrosine Good Too Pink enough Good Homogenous Fat 
0.5 0 0 100 10 80 10 
1.0 
' 
10 10 80 40 30 30 
2.0 20 0 80 20 80 0 
3.0 0 10 90 80 20 0 
4.0 0 10 90 0 80 20 
5.0 30 10 60 40 30 30 
6.0 30 30 40 50 50 0 
7.0 30 60 10 20 30 50 
8.0 90 10 0 50 10 30 
9.0 30 40 30 40 60 0 
10.0 60 20 20 10 80 10 
15.0 10 80 10 50 30 20 
100 
'-
0. 
0· 5 ppm erythrosi ne 
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Appendix to Chapter 11 
. Tables 
·11.0.1 Colour ｍ･｡ｳｵｲｾｭ･ｮｴ＠ Results 
11.1.1 and 11.1.2 Panel Assessment Results for Samples Containing 
Vegetable Protein, Set 11 II, 11 III and 
Figures 
11.0.1 
ＱＱｾＱＮＱ＠ to 11.1.5 
11.2.1 
11.2.2 
.. 
I 
Spice Variation Set 11 V 
C.I.E. x, y Diagram 
Spectral Curves 
Histogram ｯｾ＠ Panel Assessment Results for Set 11 III 
Relationship Bet\tfeen Acceptability Scores Form 3 
Against Gardner 'a' Values for Samples Containing 
Vegetable Protein, Set 11 III 
Calculation of Regression Equation for the Above 
Relationship 
TA
B
LE
.ll
.O
.l 
C
ol
ou
r·
M
ea
su
re
m
en
t 
D
at
a 
fo
r 
Sa
m
pl
es
 c
o
n
ta
in
in
g 
V
ar
ia
bl
e 
L
ev
el
s 
o
f 
M
ea
t, 
T
em
pt
ei
n;
 
Pr
ec
ur
ed
 M
ea
t 
a
n
d 
di
ff
er
en
t 
Se
as
on
in
g 
M
ix
es
 
.
 
-
·
v
a
r
ia
ti
o
n
 i
n
 
A
cc
ep
ta
bi
li
ty
 
D
om
in
an
t 
le
an
 m
e
a
t 
o/o
 
M
ea
t 
Fo
rm
 2
 
X 
y 
y 
W
av
el
en
gt
h 
P
ur
it
y 
L 
a
 
11
 I
 
A
 
.
 
47
.5
 
1.
9 
.
36
8 
.
34
5 
34
.0
3 
58
7 
23
 
60
.4
 
9.
1 
B 
50
.0
 
2.
1 
.
36
9 
.
34
6 
34
.1
9 
58
7 
24
 
62
.6
 
8.
5 
c 
52
.5
 
1.
8 
.
36
9 
.
34
8 
34
.2
0 
58
6 
24
 
65
.3
 
9.
4 
D
 
55
.0
 
2.
3 
.
36
7 
.
34
6 
35
.4
5 
58
7 
23
 
63
.8
 
9.
6 
V
ar
ia
ti
on
 i
n
 
ｾ＠
E2
!! 
Pr
ec
ur
ed
 M
ea
t 
E
xt
ra
 
R
es
id
ua
l 
-
N
it
ri
te
 
N
it
ri
te
 
11
 I
I 
A
 
0 
7.
30
 
2.
3 
.
36
0 
.
33
4 
37
.5
1 
59
3 
18
 
63
.7
 
10
.4
 
B 
25
 
·
6.
95
 
2.
3 
.
35
9 
.
33
6 
38
.9
3 
59
0 
18
 
.
63
.3
 
10
.6
 
c 
50
 
6.
95
 
2.
5 
.
35
6 
.
33
4 
41
.5
6 
59
0 
17
 
64
.0
 
10
.5
 
V
ar
ia
ti
on
 i
n 
Ｍｾ＠
P.P
.!!!
. 
Te
m
Et
ei
n 
Te
m
::e
te
in
 E
r;y
:th
ro
-
s
in
e 
11
 I
II
 
A
 
10
 
5 
2.
0 
.
36
6 
.
34
6 
35
.9
5 
58
6 
23
 
58
.9
 
8.
6 
B 
20
 
5 
1.
5 
.
36
5 
.
34
6 
32
.2
7 
58
6 
22
 
58
.5
 
.
'8.
 7 
c 
30
 
5 
0.
6 
.
36
8 
.
35
0 
32
.6
8 
58
5 
24
 
57
.8
 
7.
2 
D
 
10
 
7.
5 
2.
0 
.
36
7 
.
34
0 
36
.4
4 
59
0 
22
 
I 
57
.3
 
11
.1
 
E 
20
 
7.
5 
1.
8 
.
37
1 
.
34
4 
31
.8
9 
58
9 
24
 
58
.2
 
11
.3
 
F 
30
 
7.
5 
1.
0 
.
37
1 
.
34
7 
31
.6
3 
58
7 
24
 
57
.7
 
10
.0
 
I 
b 
I 
8.
9 
'
9.
6 
8.
7 
9.
1 
9.
2 
8!
5 
8.
1 
8.
8 
9.
1 
10
.2
 
8.
5 
8.
5 
9.
2 
/c
on
t .
•
.
.
 
ｾ＠ t.J
 
Cl"
\ 
TA
BL
E 
11
.0
.1
 
(C
on
t.)
 
,
 
-
.
 
·
-
.
 
V
ar
ia
ti
on
 i
n 
.
P.P
E!.
 
S
pi
ce
/ 
E
ry
th
ro
si
ne
 
E
ry
th
ro
si
ne
 
11
 I
V
 
.
A 
2.
5 
B 
5.
0 
c 
7.
5 
' ' 
J 
ｾ＠
.
 
.
 
I 
A
cc
ep
ta
bi
li
ty
 
Fo
rm
 2
 
X 
0.
5 
.
36
2 
1.
2 
.
36
2 
1.
5 
.
36
2 
D
om
in
an
t 
y 
y 
W
av
el
en
gt
h 
P
ur
it
y 
.
36
0 
37
.5
1 
58
0 
26
 
.
35
5 
36
.6
0 
58
2 
24
 
.
35
0 
38
.7
7 
58
4 
23
 
ｾ＠
L 
ｾ＠ 67
.1
 
70
.6
 
70
.5
 
a 
6.
1 
7.
6 
9.
0 
b 
10
.0
 
11
.2
 
9.
7 
I \N
 
N
 
"
"
-1 
.. 
I 
y 
-328-
Variations in:-
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Fig.11.0.1. Graph of CIE y against x for samples 
with variations in meat, Temptein and 
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Fig. 11.1. 5. Reflectance spectra of luncheon meat 
samples containing erythrosin e v"ith 
a spice variation. 
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TABLE 11.1.1 Resul·ts of Viewing Panel using :B'orm 3 u.nd samples of 
Luncheon Neat conj:.aining variable levels of vegetable 
protein and ･ｲｹｩｩｬｵＺＹｾｩｮ･＠
Sample Colour General Fat :Heat 
Appearance Partiele Size Particle Size 
li III " 
A 1.8 2.1 2.5 2.1 
B 1.5 1.5 1.6 2.1 
c 0.6 1.0 2.5 2.0 
D 2.0 1.8 1.8 1.8 
E 1.8 1.5 1.6 1.6 
F 0.8 1.1 2.1 2.0 
Stcl Plumrose 3.0 2.6 2.6 2.3 
TABLE 11.1.2 Panel Assessment Results of Sal!lj>les ｃｭｾＡＺｾｩｮｩｮｧ＠ Spice/Erythrosirc 
Variation. (Form 4 5 Unaccep·table - 1 Highly' Acceptable) 
Sample Colour General Neat Particle Fat Particle 
Score Appearance Size Size 
(Plumrose 1.9 2.3 1.9 2.0 
Standards ｾｃ･ｬ･｢ｲｩｴｹ＠ 3.2 4.5 3.5 3.2 
(Co-op 2.3 4.2 2.5 2.9 
. ｾｄ･ＱｲｬＧｲ･ｳｨ＠ 4.0 4.5 3.3 3.3 
Set 1·1 IV 
.EE!!. P.E!!!. 
Nitrite Er;ythro-
A sine 
A 
-
2.5 4.9 4.9 4.0 Ｇ ｾＮＹ＠
B 
-
5.0 5.0 5.0 4.7 2.3 
c 
-
7. 5 4.3 4.2 3.5 2.3 
ＭＭＭｾｾ＠
Very 
acceptable 
Lil<e 
Just ･｡ｴ｡｢ｴｾ＠
Dislike 
Unacceptable 
Very 
acceptable 
Like 
Just eatable 
Dislike 
Unacceptable 
Very 
acceptable 
Like 
-3 35-
San1ple A 
6.. 10°/ovegetable protein 
· 5ppm erythrosine 
3 100 ppm nitrite 
, 1 -
0 ......_----"---'··---'--·--! 
C GA FPS MPS 
ｓ｡ｭｰｬ･ｾ＠
30o/o vegetable protein 
'· 5ppm eryth rosine 
3 _ 100 ppm nitrite 
2 
C GA FPS MPS 
Sample E 
20°/oveg e tab te protein 
4r- 7·5ppm erythrosine 
Ｓ ｾ＠ 100ppm i.itrite 
San1ple B 
4 r- 20°/ovegetabte protein 
5pprn erythrosine 
3 _ 100 pprn nitrite 
2-
1---r---r--; 
-
C GA FPS MPS 
SampleD 
10°/ovegetable protein 
4 r- 7·5 ppm erythrosine 
3 1- 1 00 p p n1 nit r i t e 
21-t---.-------
C GA FPS MPS 
Sample F 
30°/ovegetable protein 
4 7·5 ppm erythrosine 
3 100 ppm nitrite 
.. 
; 
Just eatable 
Dislike 
Unacceptable 
21- . 
r-1--•---,---, 
1-
ｯｾｾＭｾＭＭｾＭＭｾ＠
c GA FPS MPS 
C = Colour 
GA = General appearance 
FPS = Fat particle size 
MPS =Meat particle size 
2 
0 '----'---'--...L-----1 
c GA Ff=>S MPS 
Fig.11.2.1. Results of panel assessrnents using Forn1 3 for 
luncheon meat samples containing various 
levels of vegetable protein anci erythrosin e. 
.. 
I 
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y Regression equation is: 
y = 1 0 . 4 7 - 1 . ·0 3 )( 
10·5 
10·0 
9·5 
9·0 
8·5 
o·s 1·0 1· 5 2·0 X 
Fig.11.2.2. Graph of acceptability (y J against 
Gardner 'a' values (x) for samples 
containing vegetable protein. 
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Appendix to Chapter 12 
Visual assessment results of fading in srunple containing 
SO ppm nitrite. 
Fall in Gardner 'a' value with fading of sample containing 
SO ppm nitrite. 
' Fading of sample containing s.o ppm erythrosine and SO ppm 
nitrite exposed to artificial daylight. 
Fading of above sample exposed to natural daylight. 
Fading of samples containing (a) 10 ppm erythrosine, 
(b) 250 ppm nitrite and (c) 5 ppm erythrosine and 100 ppm 
nitrite exposed to natural daylight. 
Fading of sample containing 50 ppm nitrite exposed to 
different illuminants. 
Colour measurement data for samples containing 15 ppm nitrite. 
K/S 570 run and K/S 670 run results for above sample. 
Colour measurement data for sample containing 10 ppm nitrite. 
Colour measurement data for sample ?ontaining 100 ppm nitrite. 
Colour measurement data for sample containing 200 ppm nitrite. 
Results of pigment analysis of fresh and faded samples. 
Fall in Gardner 1 a 1 values with fading of commercial samples. 
Fall in Gardner 'a' values with fading of samples containing 
nitrite. 
Fall in Gardner 1 a 1 values with fading of samples containing 
nitrite and ascorbate. 
Fall in Gardner 'a' values with fading of samples containing 
erythrosine. 
Fall in Gardner 'a' values with fading of samples containing 
erythrosine/spice variation • 
Fall in Gardner 'a' values with fading of samples cont.aining 
nitrite and erythrosine. 
Fall in Gardner 1a' values ｾｩｴｨ＠ fading of samples containing 
pre cured meat. 
Spectral power distribution curves for 3 illuminants. 
Drop in Gardner 'a' value with fading of samples containing 
50 ppm nitri-te. · 
; 12.2.01 to 12.2.08 H.eflectance Spectra C?f samples at various stages 
i 
12.2.10 
of fading. 
Fall in K/S ratios ｾｾｾｾ＠ 'd th fading of sample containing 
15 ppm nitrite. 
Fall in K/S ratios ｾｾＭｾｾｾﾷ＠ 'dth fading of samples containing 
15 ppm nitrite. 
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Figures (Cont.) 
. . 
12.2.11 C.I.E. x. y. diagrams showing colours of sample containing 
15 ppm nitrite at various stages o.f fading. 
12.2.12 C. I.E. x. y. diagrams shm'ling colours of sample containing 
10 ppm nitrite at various stages of fading. 
12.2.13 C.I.E. x. y. diagrams shmdng colours of sample containing 
100 ppm nitrite at various stages of fading. 
'I 
12.2.14 C.I.E. x. y·. diagrams sho,dng colours of sample containing 
200 ppm nitrite at various stages of fading. 
12.3.1 Fall in Gardner 'a' value with fading for sample containing 
nitrite. 
12.3.2 Fall in Gardner 'a' value with fading for sample containing 
nitrite and ascorbate. 
12.3-3 Fall in Gardner 'a' value with fading for sample containing 
erythrosine. 
12.3.4 Fall in Gardner 'a' value ｾｩｩ＠ th fading for sample containing 
erythrosine/spice variation. 
12.3.5 Fall in Gardner 'a' value with fading for sample containing 
nitrite and erythrosine. 
12.3.6 Fall in Gardner 'a' value with fading for sample containing 
pre cured meat • 
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TABLE 12.lol Visual Assessment Results for Samples containing 
50ppm Nitrite 
.! (a) 'Vacuum packed' samples after exposure to light of:-
• 
(Condition IC) 
1, 2 days no change 
ｾ＠ days slight fading, pale pink patches 
4 days noticealie difference to original colour, 
grey patches 
5 days moderate fading, pale pink "'vith grey 
areas 
(b) 'Vacuum packed' samples in darlt: 
No noticeable difference after 5 days 
ｾ＠ Cello:ehane Wra:e:eed Sam:eles 
I·· Samples kept in the dark (Condition VI) 
1- 5°C after 24 hours pale pink, pinker than samples 0 
exposed to light at 5 C for 10 mins 
15°0 after 24 hours pale pink, pinlter than samples 
exposed to light at 15°0 for 10 mins 
20°0 after 24 hotrs pale pink, pinker than samples 
0 
exposed to light at 20 0 ;for 5 mins 
I • 
27°0 I after 24 hours pale pinlt, pinlt.er than samples 
0 
exposed to light at 27 C for 5 mins 
.. 
# 
TABLE 12.1.2 Gardner 'a' values for samples containing 50ppm nitrite 
exposed to light and air 
Exposure Time IIA IIB 
5°C 15°C 
Artificial Daylight 
0 mins 8.4 8.4 
10 mins 6.3 8.0 
20 mins 5.8 7.8 
30 mins ·. 5.2 7.6 
45 mins 5.0 7.2 
1 hour 4.5 6.9 
1! hours 4.3 6.3 
2 hours 4.1 6.0 
_2f hours 3.8 5.6 
3 hours 3.6 5.3 
3! hours 3.5 4.9 
4 hours 3.4 4.5 
5 .hours 3.3 4.0 
IC ID 
··'Natural Daylight ·20°C 27°C 
- 0 . ...mins 8.4 .8.4 
5 mins 3.8 1.5 
10 mins 3.4 1.3 
15 mins 2.7 1.1 
·--)0 mins - 1.8 0.6 
60 mins 1.0 0.3 
-.. Ｍ Ｍｾ ｖｩｳｵ｡ｬ＠ assessment: after 10 and 15 mins exposure 
at 20°C and 5 mins exposure at 
0 27 C, the samples reached the 
degree of fading seen after 3 
and 5 hours at 5°C and 15°C. 
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TABLE 12.1.3 Results for samples containing 5.0ppm erythrosine 
and 50ppm nitrite exposed to artificial daylight 
Exposure time 'a' value Colour 'a' value Colour 
0 oc 20 c Description 5 Description 
0 mins 12·5 pink 12·5 pinlt. 
2 mins 11.0 pink 11.0 pinlt. 
10 mins 8.3 pink 9.0 pink 
30 mins 6.8 pink 8.7 ｰｩｮｬｾ＠
60 mins 5.5 pale pink 8.1 pinlt. 
120 mins 5.3 pa·le pink 7.9 pale pink 
TABLE 12.1.4 Results of observed fading in sample containing 50ppm 
nitrite exposed to natural daylight at 5°C and 20°C 
Surface ApEearance 
Time o£ equal for samples Thiclmess of Faded Surface 
ｾ＠ () Exposure 5mm and 2cm thick ·equal for 5 C and 20 C and. 
(hours) 5°C 20°C for slices 5mm & 2cm thick 
0 pink pink 0 
.1 pink pa19 pink 0.5 mm 2 
1 pale pink pinlt.ish-grey 1 mm 
lt grey..;.pinlt. grey 1 mm 
2 grey grey 1t mm 
ﾷ ｾ＠
3 gr:ey grey 1t nun 
4 grey grey lt mm 
. 
6 grey grey 2 mm 
.. 
8 grey grey 2 mm 
4 Slices of 5 mm on top of eachcther behaved as the 2cm thick 
sample. 
Control in dark at 20°C, very slight fading after 8 hours 
. . 
' 
- 34.'5 -
TABLE 12.lo5 Results of sample colours after exposm.·e to natm.·a.l 
daylight a·b 20°C (for slices 2 em thick) Condition IC 
Exposure lO.Oppm 250ppm 5 ppm erythrosine 
ｾｩｭ･＠ erythrosine nitrite 100 ppm nitrite 
0 mins pink pink pink 
10 mins pink pale pink pink 
30 mins pink pale pale pink 
brmmh_Dnlr. 
1 hour pink grey brmvn pale pink 
It hours pale pink grey very pale pink 
2 hours pale pink grey greyish pink 
3 hours pale pink grey grey-pink 
4 hours pale pink grey grey 
24 hours v.pale pink grey grey 
Surface fading was observed in all these cases and 
depth of penetration was approximately 1 mn1 • 
. . , 
TABLE 12.lo6 
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Visual assessment results for samvles lmder different 
illmninants at 5°C and 15°C 
The · ｣ｯｬｯｾｲｳ＠ of sa.mples w·ere described as:-
VIA IIB IIID IVE vc 
·Exposure Dark Artificial De Luxe 1varm ivhite Artificial 
Time Daylight Natural Daylight & 
I Filter 
0 pink pink pink 
15 mins pink pale pink ｾ｡ｬ･＠ pink pale pinl'i:. pale pink 
30 mins pink pale pink less pale than II 
I I 
1 hour pink greyish pinl\: less grey than II 
I I 
2 hours pink greyish pinlt less grey than II 
3 hours pink grey ｾｲ･ｹｩｳｨ＠ ｰｩｮｬｾ＠
·-
4 hours pinlr grey ｾｲ･ｹ＠ grey grey 
5 hours pink pale grey ｾｲ･ｹ＠ grey grey 
Although samples under conditions III, IV still faded, they did 
so approximately 1 hour behind II i.e. after 5, 4, 3 and 2 hours 
their colours were similar to the samples exposed to 'artificial 
daylight' for 4, 3, 2 and 1 hours respectively • 
--.. 
. ' , 
Sarnple exposed for:-
-- 0 hours 
---- 3 II 
-·--· 6 u 
...... ｾﾷ＠ 7 " 
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Fig.12. 2.01. Reflectance· spectr'a of luncheon meat 
sarnple contcu·ning 15 ppm nitrite exposed 
at 20oc in tl1e dark. 
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Samples exposed for:-
ＭＭｾＮ＠ 0 hollrs 
--- 1 hour 
-·-·. 2 hours 
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Fig.12.2.02. Reflectance spectra of luncheon rneat 
sarnple containing 15pprn nitrite exposed 
at 20°C in the light. 
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--- Fresh colour 
---- V2 hour exposure 
- ·-· 2 hours .. 
. . . . . . . . . 4 .. u 
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,., ........ , 
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Wavelength (nm) 
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TABLE 12.2.2 
Calculation of K/S 570 / K/S 670 for a ｣ｯｭｰｾｲｾ＠
To demonstrate Fading in Sa,mple 9ID ｣ｯｮＺｦｩ｡ｩｮｩｾ＠ ＱＵｅｅＡＡＬｾ＠ nitrite 
hqurs Reflectance K/S 570 Reflectance K/S 670 K/S 570/670 
exposure at 570nm run at 6"70nm nm nm nm 
Light at 20°0 
0 34.8 .611 70.0 .064 9.55 
1 35.9 .572 . 66.6 .084 6.81 2 
1 40.5 .437 65.8 .089 4.91· 
2 34.8 .611 60.5 .129 4.74 
3 37.4 .524 59.1 .142 3.69 
ｾ＠
4 37.9 .509 57 .. 8 .154 3.31 
5 37.6 .512 57.9 .153 3.35 
6 37.6 .518 56.5 .167 3.10 
7 37.7 ｾＵＱＵ＠ 66.2 .086 5.99 
Dark at 20°C 
3 35.0 .604 67.3 .079 7.65 
6 33.5 .660 66.3 .086 7.67 
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I 7 33.6 .656 65.4 .092 7.13 
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TABLE 12,3.1 The Problerr. of ·Fading in Commercial Luncheon Neats 
Sample Gardner 'a' Gardner 'a' Drop in 'a' Final 
Value before value after value in ｾｰｰ･｡ｲ｡ｮ｣･＠
fading 10 mins 30 rnins 10 mins 30 mins \.ceptable 
exposure exposure >8 
ｃ･ｬｾ｢ｲｩｴｹ＠ 9.5 7.4 7o0 2.1 2.5 X 
Co-op io.9 9.5 9o3 lo4 1.6 .; 
Dana 8.3 5.0 3.6 3.3 4.7 X 
Danoxa 12.2 5.9 5.0 6.3 7o2 X 
•I 
Fine Fare II 13.5 12o5 9.9 1.0 3.6 J 
. . 
Fray Bentos 12.5 6.7 5.9 5.8 6.6 X 
Hafnia 10.5 9.8 9.5 0.7 loO . .; 
Linthorst 13.8 10.5 10.1 3.3 3.7 J 
Plumrose 10.9 : 6.7 2.2 4.2 8.7 X 
Sainsbury 9.3 .- 8.2 8.0 0.9 1.1 J 
Tesco 13.0 8.9 8.1 4.1 4.-9 J 
Tulip 12.7 '4.4 2.5 8.3 10.2 X 
Unox 10.4 . 9.4 . 8.8 1.0 1.6 J 
Walls II 10.4 5.5 5.1 4.9 5.3 v 
.. 
Samples 'vhich exhibited s·t.rong fad.ing by a drop in 7-;5 1 a' units 'vere: 
Danoxa, ｾｲ｡ｹ＠ Bentos, Plumrose, Tulip and 1valls. 
Samples 'vhich exhibited medium fading of between ＲｾＵ＠ 'a' units decrea.se 
were: 
Dana, Fine Fare, Linthorst and Tesco. 
Sampleswhich showed only a small amount of fading by a decrease of less 
than 2 1 a 1 units ,.;rere: 
Co-op, Dak, Hafnia, Sainsbury and Unoxo 
Samples whose colour w-as unacceptable after 30 minutes e:>.."Posure were: 
Celebrity, Dana, Dru1oxa, Fray Bentos, ｐｬｵｮｵｾｯｳ･＠ and Tulip. 
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Fad in g time ( m i n) 
Plum rose 
(after fading 
-o in refrigerator 
in air for 24hrs) 
12 
Fig.12.3i 1. Graphs showing fall in Gardner 'a' values agGinst 
time of exposure for commercial luncheon ,-neats. 
-.. . 
.. 
I 
- ..)/U -
TABLE 12.3.2 Gardner 'a' values with -time of eXJ,?osure, demonstrating 
fading in samples containing nitrite 
Sample 9I c D E F G n J 
ppm nitrite 10 15 20 25 50 100 200 
Time of Exposure . 
minutes 
0 8.4 8.5 9.1 8.2 8.0 8.5 8.6 
1 3.0 3.5 4.5 4.8 5.5 5.8 7.0 
2 1.8 3e0 4.1 4.2 5.J 5.3 6.1 
3 1.5 2.5 3.8 3.9 4.8 4.9 5.4 .. 
4 1.2 1.7 3.2 3.6 4.3 4.5 4.8 
5 1.0 1.5 2.8 3.3 4.0 4.1 4.3 
-
10 0.6 1.2 2.5 3<>2 3.6 3.8 3.7 
Drop in 10 
minutes 7.8 7.3 7.6 5.0 5o0 4.7 4.9 
. , : 
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Fig.12.3.2. Plot of Gardner'a'values __ 
against time of exposure for 
samples containing nitrite. 
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TABLE 12 .. 3.3 The Fading of Samples con·baining various levels of 
ascorbate and nitrite using the Gar9-ner Colorimeter as 
an accelerated fadeometer and 'a' values as an index 
of redness 
Sample 9II A B c D E F 
ppm ascorbate 200 200 200 0 100 150 
ppm nitrite 10 25 50 50 50 50 
Initial 'a' value in vacuum pack 8.2 7.9 7.8 7.8 7.1 7.3 
'a' values after eXEOSure for: · ｾ ﾷ＠
0 Dins 6.9 6o7 6.2 7 .. 1 7o0 6.9 
! min 5.6 5.0 4 .. 7 5.3 5.0 5.2 
1 min 4.9 4.5 4.2 4.5 4 .. 3 4.4 
2 mins 4.3 3.9 3 .. 6 3.8 3 .. 6 3.9 
3 mins 4.0 3.6 3.4 3.3 3 .. 3 3.6 
4 mins 3.8 3.4 3.2 3.0 3.0 3.4 
5 mins 3.7 3.3 3.1 2.8 2.9 3.3 
10 mins 3.5 3.0 2.8 2.6 2.7 3.1 
Total drop in 10 minutes 4.5 4.6 4.7 4.7 4.2· 4.0 
The.se samples 1vere all an acceptable colour originally, but they 
faded rapidly; under these conditions the fading 1vas over 50% in 
5 minutes, and the faded colours 1vere an unacceptable pink. 
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Fig.12.3.3. Plot of Gardner 1a' values._ 
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Refer to table 1 2 .. 3· 4 
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Demonstration of Fading on Gardner Colqrimeter 
TABLE 12.3.5 The ｒ｡ｴｾ＠ of Fading of Samples ｾｬ｡､･＠ \dth a Variation in 
§_pice. Set 11 VI. 
--A D c 
- - -
ppm. 
Erythrosine 2.5 5.0 7·5 
Initial 'a' values in 
vacuum pack 6.1 7.6. 9.0 
'a' values after times 
of exposure on Gardner 
of:- ｾ Ｍ
Minutes 
0 6.0 7.1 8.7 
5 4.6 5.4 6.1 
" 10 LJ:.2 s.o 5·5 
' 15 4.1 5·0 5·5 
Total drop in 
5 minutes 1.5 2.2 2.9 
Total drop in 
10 minutes 1.9 2.6 3·5 
.. 
I 
ｾ＠
:J 
-(j 
.> 
:o 
'-ｾ＠
c 
"'0 
'-
0 
(!) 
. . 
I 
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Exposure time (min) 
Fig.12.3.5. Plot of Gardner'a'values 
against time of exposure 
for samples with spice 
variation . 
.. 
I 
- - .;)fCI ... 
TABLE 12.3.6 Jllading shmm by fall in Gardner 1 a 1 values for sanreles 
containing nitrite and erythrosine 
Samples Set 10 IV B D E F G H I J 
ppm erythrosine 2.5 5.0 2.5 5.0 5.0 lOoO 10.0 20.0 
ppm nitrite 5.0 5.0 50.,0 25.0 50.0 50o0 100.0 100.0 
'a' va.lues at time 
of exposure 
0 mins 9.0 11.0 10.3 11.9 12.5 13o4 14.5 20.2 
1 min 5.8 8.9 8;o 9c.5 10.2 11.1 11.9 17.0 
2 ruins 5.3 7.8 7o5 .8.6 9.3 10.7 11.1 "'16.0 
3 mins 4.8 7.2 7 .. 1 8.2 8.9 10.0 10.7 15.3 
4 mins 4.3 6.5 6.8 7.9 8o5 9.4 10.2 14.9 
5 mins 4.1 6.2 6.4- 7.5 8.0 8.8 9.6 14.3 
10 mins 4.0 5.9 6.0 7.1 7.8 8.3 9.2 14 .. 1 
Drop in lC minutes 5.0 . 5.1 4 .. : 4.8 5.7 5.1 5.3 6.1 
\ : 
21 Refer to Table 12. 3. 6. 
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Fig.12. 3. 6. Plot of Gardner 'a' values against 
time of exposvre for samples 
contain-ing nitrite and erythrosine. 
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TABLE 12o3•7 Results of Fadeometer Readings for Samples 
Containing Pre-cured Meat 
Approx 200 ppm Nitrite and Additional Nitrite ppms of:-
0 25 50 
Minutes 
., 
Exposure A B c 
0 10.4 10.6 10u5 
.t 8.2 8.2 8.2 2 
-· 
1 7-6 {.4 7-7 
2 6.8 6.9 7·3 
3 6.3 6.5 6.9 
4 5.8 6.1 6.0 
5 5·5 1!:. 9 5.2 
10 4.6 1!:.3 4.8 
15 3·9· 3.7 4.3 
I • 
I 
:c:s 
·,· 
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Fig.12. 3. 7. Plot of Gardner 'a' \ta/ues 
against time of exposure for 
samples contain1ng pre-cured 
meat. 
Tables 
Figure 
Appendix to Chapter 13 
Visual Appearance of Luncheon Heat Components \'fhich have been 
in contact \'lith the Erythrosine Solution. 
ｒ･ｳｾｬｴｳ＠ of Arnica Fluorimeter Readings. 
Transmission Spectra of Erythrosine Solution which has been in 
contact ,.,i th Luncheon Meat Spices. 
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TABLE 13.1 
Visual .Appearance Results on luncheon meat components 1-1hich have 
been in ·Contact with erythrosine solution 
{a) Under an ultra violet lamp. 
No fluorescence 1vas detected from any of the components, nor 
from the luncheon meat samples. 
{b) Under standard 'artificial daylight'. 
) 
The nitrite, farina, salt, fat, fat slurrY:-
no change in colour although some connective tissue in the 
fat took up the dye and became pink. 
The seasoning:-
some of the seasoning became pinlt;the dextrose ｾ＠ no change 
in colour; the garlic powder, M.S.G., coriander and gronnd 
white pepper these adsorbed the dye by different amounts, the 
ground white pepper became very pink, the coriander a dark 
brown-red colour and the garlic pmvder and ?wi.S .G. shmved 
traces of pink colour. 
The meat:-
The meat became bright pinlt in colour at its surface. 
The luncheon meat components 1vhich became pink as described above 
1vere 1vashed with 1vater but the pink could not be rem·oved, 
indicating that binding had occurred with the erythrosine. 
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TABLE 13.2 
Results of Arnica Fluorimeter readings 
Sample R.F.I. units 
Blank ••••••••••••••••••••••••••••••••••••••••••••••••••••• lit •• 0 
20ppm Erythrosine solution (scale 3) •••.•. 200.0 
(O.Olgm) 
20ppm ｅｲｹｴｨｬｾｯｳｩｮ･＠ solution 1vi th lOOppm nitrite (scale 3) .•.... 190.0 
(3.0 gm) 
20ppm Erythrosine solu·liion 1vi th 3% farina (scale 3) ...... 195.0 
(5.0 gm) 
20ppm Erythrosine solution with 5% fat (scale 3) •..... 188.0 
(1.5 gm) 
20ppm Erythrosine solution with 1.5% NaCl (scale 3) •••..• 185.0 
(2.5 gm) 
.. 
20ppm Erythrosine solution with 2.5% sea.soning (scale 3) .•.... 120.0 
(5 gm) 
20ppm Erythrosine solution \·Ti th 5% fat/w·ater 
slurry (scale 3) •..•.. 135.0 
(5 _gm) 
20ppm Erythrosine solution 1vi th 5% meat (scale 0 .1) .... 5.1 
20ppm Erythrosine in luncheon meat (solid meat slice) 
(scale 0.1) •••. 1.5 
TABLE 13r.4 
Sample R.F.I. units 
5ppm Erythrosine solution 85.0 
5ppm Erythrosine ｳｯｬｵｴｩｾｮ＠ 1vith 6.96g dextrose •••••••••.•..•.. 89.0 
5ppm Erythrosine solution with 0.04g garlic powder .....•..... 77.0 
5ppm Erythrosine solution with 10.17g mono sodium glutamate ... 32.0 
5ppm Erythrosine ｳｯｬｾｴｩｯｮ＠ with 3.39g coriander............... 9.8 
.5ppm Erythrosine solution 1vi th 10.17 g ground t1vhi te peppei·.... 41.0 
Blallls:. ...•.•.•...•..•••.•••..•••. ｾ＠ ..•...•........ -. . . . . . . . . • • . . 0 
(Scale 1. Gain 1 lamp slit width 2mm) 
i 
Where R.F.I. = relative fluorepcence units 
e.g. 2 R.F.I. units = a concentration of 10-9 gm/ml of a fluorescent 
compound 
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